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PREFACE. 



IN the year l798, the Proprietors of Hawney's- 
Mensuration apph'ed to the Editor to superintend a 
new edition of that Work, and to make such altera- 
tions and additions as would render it useful ia 
schools, without deviating much from the original 
plan. 

Tlie work at that time did not contain any Prach 
TiCAL Geometry, notwithstanding its evident uti- 
lity ; many of the rules were erroneous and defec- 
tive, and there was only one example given to each 
rule, and that worked at full length. 

The paucity of examples excluded the book froim 
•ur modem schools ; the Editor therefore added up- 
wards of three hundred: also ap extensive chapter 
of Practical Geometry, and corrected all the rules. 

In subsequent editions, several new rules wer^' 
added, likewise the description and use of the Car- 

S enters Rule, and of the iSliding Rule : the other 
iffitrent articles were, many of them, extended. 

This 'edition ♦ has been entirely re-written, ex» 
cepting those parts which the Editor had previously 
introduced into the work ; and only seven of the 
old wood-cuts are retained : the rest, amounting ta 
9ne hundred and fijlif-ihtee^ are new ; so that few 
traces of the original work are left. 

So^ great a deviation from tVie sixteenth edition,^ 
and those which preceded it, will perhaps appear 
unwarrantable to persons Unacquainted with the 
work; but, if the Editor can secure the approbation 
of experienced teachers and mathematicians, his 
time will not have been misemployed, and any apo- 
logy for the alterations and additions will be unue- 
cessary. 



• Tlie tweniieHk, and ihofouTth, superintended by ilie Editor. 
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It may be proper to state, that not one rule which 
was contained in the old editions has been omitted, 
although they are differently expressed; and that 
every article marked with an asterisk ♦ in the table 
of contents has been supplied by the Editor, toge- 
ther with all the new figures, and the practical exam- 
ples, excepting one to each of the old rules, and 
those at the end of the book. 

The Editor has been enabled to extend the Men- 
•uration, by cancelling the arithmetic, which was at 
the beginning of the old editions, and by contracting 
the solutions to the examples; a single solution fre* 
quently occupied three or four pages. 

The Work, thus improved, treats on .the mensu- 
ration of almost every geometrical figure. Rules 
might have been given for the mensuration of hay- 
stacks, canals, embankments, &c. ; but it is presumed 
that any person who thoroughly understands the 
different rules in this Treatise, will not be at a loss 
to measure such figures. In a circular haystack, 
Ihe lower part may be measured as the frustum of 
a cone, and the upper part as a cone, or as a para- 
bolic conoid, if the sides do not slope regularly to 
the top. 

The lower part of a long haystack may be mea- 
sured as a prismoid, and the upper part as a prism, 
the base or end of which is a triangle,, or a parabola, 
A canal is generally a prism, with a trapezoidal 
end; or a prismoid, the widest part being upper- 
most ; an embankment is generally the same figure 
inverted ; but it would be an endless task to point 
out all the different figures that may occur in 
practice. 

No. i, YORK-BUILDINGS, NEW-ROAD, 
ST. MARY-LE-BONE, LONDON, 1817. 
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I. A SHORT and EASY INTRODUCTION to the SCly 
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Bools written by the Editor of this Work. xi 

The Theoretical Parts contain a very extensive Selection of 
4EiuIes, Form«lje, Sec, and general Properties of Sine8> Tangents* 
&c. of Arcst all pUiinly itnd clearly demonstrated, and detached 
Tfrom the practical Parts. 

The Nature, Properties, and Use of Logarithms, are likewisd 
plainly laid down, and illustrated by a Vatiety of Examples. 

This ^ork is 'well printed in octavo, on a large and full page* 
«]id is exemplified by a great number of wood-cuts and copper- 
plates, very neatly executed. It also contains a table of the lo^* 
rithms of numbers, froAan unit to ten thousand $ a table of na- 
tural sines to every degree and minute of the quadrant ; and a 
table of loganchmical sines, tangents, fcc. ^o every degree and 
minute of the quadrant. These tables are so contrived as to 
^cupy no more than forty-eight pages of the book ; they will 
save the great expense of a large set of tables* 4md answer every 
.pufpose of instruction with equal advantage. 

Throughout the whole Work, the greatest attention has been 
paid to the wants of thte ((udent, and neither pains nor espense 
has Been spared to render the Work superior to every other for 
the use oC learners. The Third Edition, corrected and im* 
proved. 

6. The ELEMENTS of PLANE GEOMETRY, containiQ^ 
the first Six Books of £uolidy ^om the Text of Dr. Sipison* 
Emeritits Professor of Mathematics in the University of Glasgow; 
^th Notes, critical and explan^ry. 

To which are added. Book VU. inchiding several important 
Propositions, which are not in Euclid ; and Book VHI. consist* 
ing of Practical Geomstry* Also* Book IX. of Planed and 
their I^tembctions: and Book X. of the Geomst&y of 
Solids. 

The whole explained in an easy and (amiliar manner, for the 
instruction of Youth. 

Zf'ArlHmtii^e tt UGimftrie stnt la dtux a\Us det "Mstbemattijuett 
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Explanation of the Characters made use of in the 

following Work* 

Charact. Names. Significations* 

C Plus or '}^^^ ^^o" of addition, as 2 + 4 sig- 
+ < ^' > nifics that 2 and 4 are to be added 
C ^ y together. 

C Minus or7 ^^^ ^^S" ^^ subtraction, as 8 — 3, 
"~ < u c* >signifies that 3 is to be subtracted 
(. ^^' y from 8. 

t roultipli- ^ the sign of multiplication, as 
X <edintoorS7 X 5, signifies that 7 is to be 
V by, y multiplied into or by 5. 

C iWviAt^A 1 ^^*^ "g" ^^ division, as 9-5-3, sig- 
^ 1 aiviaea # ^j^^^ ^^^^ 9 is to be divided by 3 ; 

C. ^' .) and |, or 3)9( signifies the same* 

^ ^ the sign of equality, as 9=9j signi- 

= ) equal to, (fies that 9 is equal to 9; or 3 + 4— 

I i ^=7 signifies that 5, iiK reused by 4 

and diminished by 2, is equal to 7- 

. . • . c Propor- ^ 2 : 4 : ; 8 : 16\ signifies that 2 is 
• • • • { tlon, 5 to 4 as 8 is to 16. 

m^, m'l signifies the square or cube of the letter m» 

A c% signifies the square of the line a c* 

^A c* + c D*, signifies the square root of the sum 
ux the squares of a c and c 9. 
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PRACTICAL GEOMETRY. 

DBFIKITIONS. 

1. CiEOMETRY is a science which teaches and 
demonstrates the properties of all kinds of magni- 
tude, or extension; as solids, surfaces^ lines, and 
angles. 

2. It is divided into two parts> theoretical and 
practical. Theoretical Geometry treats of the vari- 
ous properties of extension abstractedly; and prac- 
tical Creometry applies these considerations to the 
various purposes of life. 

3. A Solid is a figure, or body, of 
three dimensions, viz. length, breadth, 
and thickness. And its boundaries are 
superficies, or surfaces. Thus a repre- 
sents a solid. 

4. A Superficies^ or surface, is an extension of 
two dimensions,'viz. length and breadth. 
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without thickness: and its boundaries are 
lines. Thus b represents a surface. 

5. A Une is a length without breadth, and is 

formed by the motion of a point. Thus = 

c D represents a line. Hence the ex- ^ 

tremities of lines are points, as are likewise their 
iatacsectioQs. 

B 6. Straight 
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6. Straight Lines are such as cannot coincide in 
two points, without coinciding altogether, and a 
straight line is the shortest distance between two 
points. 

7. A Point is the inceptive of magnitude. It is 
indivisible; and void of length, breadth, or thick* 
iiess ^ for were it possessed of either length, breadth, 
or thickness, it would necessarily become one or 
other of the figures in definiiion 3, 4, or 5/ 

8. A plane rectilineal Angle is the in- 
clination, Of opening, of two straight 
lines meeting in a point, as e. B^ 

9. One angle is said to be less than another, when 
the lines which form it are iiearer 
to each other. Take two lines a b 
and B C touching each other in the 
point b: conceive thase two lines 
to open, like the 4egs of a pair of 
compasses, so as always to remain 
fixed to each other in b.— While the extremity a 
moves from the extremity c the greater is the open- 
ing or angle a b c ; and on the contrary, the nearer 
you bring them together, the less the opening or 
angle will be.- 

10. A Circle is a plane figure con- 
tained by one line called the circum- 
ference, which is every where equally 
distant from a point within it, called the 
centre, as c : and an arc of a circle is 
any part of its circumference, as o ii. 

11. The magnitude of an angle does not consist 
in the length of the lines which form it, but in their 
opening or inclination to each other. Thus the 
angle ▲ B e is less than the angle d b e, though the 
lines A B and c b, which form the former angle, 
are longer than the lines d b and b e, which form 
the latter, 

12. When 






PRACTICAL •COMETRt. 

12. When nn angle i» exprcssefl 
by three letters^ as a B €, the 
mkldle l«tter always stands at the 
angular point, and the oth^r two 
letters at the extremities of the b< 
lines which form the angle. Thus 
the angle a b c is formed by the 
lines A B and c B, that of d b e 
is formed by the lines db and B e« 

13. Every angle is measured by an arc of a circle, 
described abqut the angular point as a centre ; thus 
the arc d £ is the measure of the angle d B e, and 
the arc o h is the ineasure of the angle a b c. 

14. The circumference of every circle is supposed 
to be divided intp 36o equal parts, called degrees ; 
each degree into 60 equal parts, called minutes ; 
and each minute into 6o equal parts, called seconds. 
The angles are measured by the number of degrees 
cut off from the circle, by the lines which form the 
angles. Thus, if the arc o h contain 20 degrees, or 
the eighteenth part of the circumference of the 
circle, the measure of the angle a b c is said to be 
20 degrees. 

J 5. When a straight line £ c 
standing upon a straight line a b, 
makes the adjacent angles ace 
and B C £ equal to each other ; 
each of these angles is said to be 

a right an^'Cy and the line e c is 

perpeudiaUar to a b. The mea- ^! Q B 

sure of a right angle is therefore 90 degrees, or 
quarter of a circle, 

16. An acute angle is less than a right angle,][as 

X>CB, or BCD. 

17. An obtuse angle is gieatcr tha^i a right angle, 
as A c D. 

18. A plane Triangle is a space included by three 
straight lines, and contains three angles. 
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19. A right angled Triangle is that 
which has one right angle in it, as a 11 c. 
The side a c, opposite to the right angle, 
is called the hypothenuse, the side B c is 
called the perpendicular, and the line 
A B, on which the triangle stands, is 
called the base. 

20. An obtuse angled Triangle has one 
obtuse angle in it, as b. 

21. An acute angled Triangle has all 
its three angles acute, as c. 

22. An etjuilateral triangle is that which 
has three equal sides, and three equal an- 
gles, as D 

23. An isosceles triangle has two equal 
sides, and the third side either greater or 
less, than each of the equal sides, as £• 

1 

24. A scalene triangle has all its three 
•ides unequal, as r. 

25. A quadrilateral figure is a space included bj 
four straight lines, and contains four angles. 

26. A Parallelogram is a plane figure bounded by 
four straight lines, whereof tho^e which are opposite 
are parallel one to the other ; that is^ if produced 
ever so far would never meet. 



97' A Square is an equilateral paral* ^ 
lelogram, viz. having all its sides equal, 
aud all its angles right angles, as o. 

28. An Oblongs or rectangle, is a right 
angled parallelograro, whose length ex- 
ceeds its breadth, as H. 

^g, A Rhombus is a parallelogram 
liaving all its sides equal, but its 
angles are not right angles, as I. 





H 




v. 
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30. A Rhomboides is a parallclogran^ 
having its opposite sides equal, but its / i 
length exceeds its breadth, and its an- / / 
gles are not right angles, as k. 

31. ^ Trapezium is a plane figure 
contained under four straight lines, no A 
two of which are parallel to each other, 
as L. A line connecting any two an- 
gles of the trapezium^ as a b, is called 
a diagonal. 

32. A Trapezoid IS a plane quadrila- 
teral figure having two of its opposite 
sides parallel, and the remaining two 
not parallel ; as m. 

33. Muitikteral figures, or polygons, have mor^ 
than four sides, and receive particular names, accord- 
ing to the number of their sides. Thus, a FentagoUj 
is a polygon of dye sides; a Hexagon^ has six sides; 
a Heptagon, seven; an Octagon, eight; a Nonagon, 
nine; a Decagon, ten; an Undecagqn^ ekven; and^ii 
Duodecagon, has twelve sides. If allthe sides and 
angles are equal, they are called regular polygons^; 
if unequal, they are called irregular polygons. 

34. The Diameter of a circle is a straight line drawn 
through the centre, and terminated by the circum- 
ference both ways; thus a B is a diameter of th« 
circle. The diameter divides 

the surface, and circumference, 

into two equal parts, each of 

i/vhicb is called a Semicircle. If 

a line c D be drawn from the 

centre c perpendicular to a b, 

to cut the circumference in d, 

it will divide the semicirclg into 

two equal parts, a c d and n c b, 

each of which will be a Quadrant, or one-fourth of 

the circle. The line en, drawn from the centre to 

the circumference, is called the Radius* 

B 3 35. A 
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25. A Sector of a circle is comprehended tinder 
two Radiif or semidiameters, which are supposod 
not to make one continued line^ and a part of the 
circumference. Hence a sector 
njay be either less, or greater^ 
than a semicircle; thus* a c b 
is a sector less than a semicircle, 
and the remaining part of the 
cjircle is a sector greater than a 
semicircle. 

S6, The Chord of an arc is a 
straight line, less than the diar 
meter, joining the extremities of the arc; thus Ds 
is the chord of the arc d g e, or of the arc £ b a d. 

37. A Segment of a circle is that part of the circle 
which is bounded by an arc and its chord, and may 
be either greater or less than a semicircle* 

38 . Concentric circles are thbse w b ich 
bare the same centre, and the space 
ipcluded be^twecn their circumferences , 
is called a ringi as d. 



THK ELLIPSIS. 

39. If two pins be fixed at the points F /, a|id a 
Aread fftv be put round them and knotted at p; 
then if the point p and the thi'ead be moved about 
the fixed centres yfj so as 
to keep the thread always 
stretched, the point P will 
describe the curve pbdacp 
called nn Ellipsis. 

40. The points or centres 
p/, are called the Jbct , and 
their distance from c, or 

of A B. 

' 41. The line a b, drawn through the foes to the 
curve, is called the trtmifcerse axis, or the Axis Major. 
The point o, in the middle of the axis a b, is the 
centra of the ellipsis^ 

42. The 





D, is equal to the half 
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lugh tiie centre o, 
nxis A 1), i^ callmi 

the Jjcis Minor. 

rawn through the focus t, per- 
,, is called tbc l'ara~ 



43. Thp liix 
perpendicular 
the conjugate a 

43. The line 
pendicular to the transverse 
meter, or Latas Rectum, 

44. A line drawn from any point of the cui 
pcrpeniiicukr to llie transverse axis, is called an 
Oriliiuile to the transverse, as eg. If it go quite 
Ilirough the figure, as E H, it is called a Double 
Ordinate. 

45. The extremity of any diameter is called the _ 
Vertex ; thus the vertices of the tratuvtrte diameter 
AS, are (he points a anJ B. 

46. That part of the diameter between the vertex 
uid the ordinate is called an Alisciim; thus SK and 
A o, are absciBses to the ordinate a j., 

THB PAHABIJLA. 

47. If one end of a thread, _ 
cqnat in length to c d, b« - 
JSxed on the point », and the 
other end fixed at D, the end 
of Uie square b c n ; and the 
Bide c B of the square be 
moved along the straight line 
A B, SO as always to coincide 
therewith, the string being 
kepi stretched and close tu 
the tide of the square p d, the point p will de!.crii)« 
> curve HROLFO, called a Parabola. 

48. The fixed point r is called the Foeus. 

49. The straight line a b is called the Dirtclrii. 

50. The straight line o N is the Asi, of the p 
bob, and o is the Vertex. 



1 







5!. A Si 



;ht lin 



L 



tn, dravin through ihe focus 
7, perpendicular to the nxis, is called the Parumettr, 
»r Lmtua Rectum. 
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52. A straight line i k, drawn from the curve per- 
pendicuJar to the axis, or parallel to the directrix, it 
called an Ordinate; if it go quite through thefigure, 
as I M, it is called a (Uuble Ordinate. 

53. The part of the axis, k o, between the vertex, 
•,'and ordinate, i k, is called the AbscUsa. 

THE HYPERBOLA. 

i)4. If one end of a lonp, flat ruler/p Q be fast* 
ened at the point / on a plane, in such a manner 
that it may turn freely about the fixed point/ as 
a centre; and one end of a thread f p Q, shorter 
than the ruler, be fixed at f, and kept constantly 
stretched along the edge of the ruler, the point p, 
by the motion of the ruler about/, will describe the 

curve EPL A, which 

is one part of an hy- ^ 

perbola. And if the 

ruler be turned and 

mo^ed on the other 

side of the fixed 

point/, the remain- 
ing part ATO of the 

hyperbola may be 

descri bed in the same 

manner. Also, if the 

end of the ruler be 

£xed at v «nd the 

thread at /, the op- e 

p6site Hyperbola /^Q 

IfSBw may be de- A 

scribed. 

55, The fixed points /p are called the two Joe/, 
aijd are equi-distant from the centre o of the hyper- 
bola, which is the middle point of a b, 

56. The straight line ab passing through the foci, 
and terminated by the vertices a and B of the hy- 
-perbolas, is called the Transverse Axis, or AxisMaJor, 
and is always equal to the difference between/p and 
» p iu every point of the curve, 

57. U 
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57. If C D be drawn through the centre o at right 
lUigles to A B, and with a as a centre and F o asa 
distance, two arcs be described cutti;ig c d in the 
points c and d ; then c o d is called the Gonjugatg 
Axisy or Axis Minor. 

58. Any straight line sot drawn through the 
centre o, and terminated at the opposite sections, as 
at 8 and t, is called a diameter^ and the 'extremities 
8 and T are its vertices; and if a tangent be drawn 
through the vertex s, any straight line drawn through 
the centre o, parallel to this tangent, is the conjugate 
diameter to the preceding one. 

69» If any diameter, as s o t, be continued within 
the curve, that part t v wiihin the curve, is called 
the abscis-sa to that diameter. 

60. A straight line t z which meets the hyperbola 
in one point t, but does hot cut, it is called a tun* 
gent to that point* 

61. Any straight line parallel to a tangent at the 
vertex T> and terminated by the abscissa, is callied 
an Ordinate ; and if it cuts ihe curve in two poinls, 
it is called a double ordinate. Thus mv is an ordi- 
nate to the diameter s t^ and m v w is a double 
ordinate, - 

62. A straight line, as l f r, drawn through the 
focus F, at right angles to the Axis Major a b, is 

called the Parameter or Latns Rectum* 

<•> 

63. If the vertex A of the hyperbola j^plartw^ 
be joined to the extremities of the Axis Minor c d, 
by the straight lines a c, ad, two straight lines 
drawn through the centre o parallel to A c and ad,' 
as o H and ok will be the Aspirptotes of the hy- 
perbola M s B N. The asymptotit continually ap« 
proach nearer io the curve, but never meet it. 
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PROBLEM I. 

To Insect f or dhide, a given straight Une a b into ht» 

equal Farts, 

From the points a aad b wit& 
Any radius, or opening of the conv- 
passes, greater than half a b, de- 
s scribe two arcs cutting each other A.- 
HI c and o; draw c d, and it will * 
cut A B in the point e^ making a b. 
t^ual to B B* 



•ii-. 



PROBLEM IL 

-A a given Distance e, to draw a c . ff.. ^/ . IT 
Mrafght Line c b parallel ta a /•'" '•./•* ' \ 
gjtoen straight Line a b. 

From any two points m it in a ' jt ^ "fe 

tke line a b with the extent of 
m in your compasses describe E 
two arcs o«;— -diuw c d to touch these arcs, with* 
oat cutting them, and it will he parallei at 
quired. 

PROBLEM IIL 

Ifhrough a given Point o'^s, draw a straight Line C 
parallel to a given straight Line a b« 

tancemo, describe the arc on^ 

with n as a centre and the same '^"^ 

distance describe ihe arc s m. T^e the arc an\ik 

your compasses, and apply it from w to *; through 

^ t, <baw c i>> and it wiU be parallel as required* 



Take any point m in the line ^ ^ 
A B ; with m as a centre and dis- / '*•• 



-B 



FfiO* 
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PROBLEM IV. 

To divide a given straight Line a b into any Nimbir 

of equal Paris » 

From the end& a and b of the given line, draw 
two lines a p and b k of any 
length, parallel to each other. 
Then set off any number of 
equal parts' from a towards 
Py and likewise from b to* 
wards k rdraw lines between 
the corresponding points hm, 
ehf Fi, &c. and they will divide ab into the equal 

parts AC, CD, D£, SB. 

PROBLEM V. : 

To divide a gken straight Line ab into two such PartSf 
as siall be to each other ^ as mv to tn* 

From A draw any line a c 
•qual to m n, and upon it 
transfer the divisions of the 
libe m n, viz. m r and r »• 
Join B c, and parallel to it 
draw D E : then a B : £ b 



//I. 



r 

-r— 



■n 







-JO 



B 



ipir : rn. 

PROBLEM VL 
To find a third Proportional to two given Lihes^ 

A Bj AD. 

Place the two given lines a B' 
and A D so as to make any angle 
with each other at a ; from a b 
ihe greater, cut off a part a c, 
equal to a D the less ; join b d, 
and draw c e parallel to it, then 
will A E be the third pn^portional required, vis* 
A B : A D :: -A D ;, A E. 

»6 PRO. 
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PROBLEM Vn. 
To find afmrth Proportional to thret given Una 

A By A Cy AD. 

Place two of the given lines 
A B and A c so as to make any -A.' 
angle with each other at a, and ^ 
join B c. On A B set off the ^ 
distance a 9, and draw d e pa- 
rallel to B c ; then a e is the a 
fourth proportional required, viz. 

ab:ad::ac:a£. 




PROBLEM VIIL 

From a given Point v in a straight Line a :b to erect 

a Perpendicular » 

1 . IVhen the Point is in, or near^ the Middle of the Line. 

On each side of the point p, 
take two equal distances p m^ 
p n ; from the points m and n as 
centres, with any opening of the 
compasses greater than Ttn, de- 
scribe two arcs cutting each 



C 



Ar-t 



m 



■t-B 



C 



Other in r; through r, draw cp, 

and it will be the perpendicular required. 

Or thus : 

With the centre p, and any 
opening of the compasses p m^ 
describe the arc mno; set off 
the distance P w»,, from m to », 
and from n to o; then, from the 
centres n and o, with the sam«, 
or any other extent of the corar 
passes, describe two arcs inter- K 
secting each other in r ; through r jlraw c P, and it 
^•111 be the perpendicular required. 

2. When 



/ 



* 






-B 
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IS 



% When the Point P is at the End tf the Line. 



With the centre p and any ra- 
dius describe the arc m 7» o; set 
off p m from m tp «, and from » 
with the same radius describe an 
arc r; through m and n draw the 
line mnr Xo cut the arc in r; 
then through r and p draw c p, 
and it will be the perpendicular 
required. 






> • 



^f 



m 



9 



iB 



Or thm: 

Set one foot of the compasse# 
in t*, and extend the other to 
any point n^ out of the line a b; 
from n as a centre and distance 
ft p, describe a circle cutting a b 
in m; through m and n^ draw 
fnno to cut the circle in o, then 
through draw c p, which will 
Ve perpendicular to a b. 







« 

k 
> 



r 



A— 3^ 



••?•»' 






PROBLEM IX, 

From a given Point c to let fall a Perpendicular upon 

a given Line a b« 

» 

1* fFhen the Point is nearly opposite to the Middli 

of the Line. ^ 

From the centre c describe an 
arc to, cut a b in m and n; with 
the centres m and «,* and the same .. 
radius, describe arcs intersecting in A.*"'^.^^^ 
o ; through c and o draw c p^ the 
perpendicular required* 



-P-JS^'i 



B 



,-0 



S. When 
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S. When tie Point is nearly opposite the End of 

the Line. 

From the given point c draw any 
line c m meeting ii b in the point 
m; bisect mc in n, and with n as 
a centre and radius nm, or n e, 
describe an arc cutting a b in o> 
draw € Of and it will be the perpendicular required. 




PROBLEM X. 

In any Triangle a bc to draw m 
Perpendicular ftlun any Angle to 
its'opposite Side* , 

Bisect either ot the sides con- 
tafning the angle from which the A' 
perpendicular is to be drawn, as 
BC in m; with the radius mB 
and centre m describe an arc 
cutting A B (produced If neces* 
tary) in d, draw c d, and it will 
be the perpendicular required* 




1£rr^ 




PROBLEM XL 

I^MW a g^men straight Line ah to describe 4n equUm^ 

teral Triangle. 



With B as a centre and radius 
•qual to A B describe an arc ; with 
A as a centre and dibtance a b cross 
it in e ; draw a c and b c, then will 
A B c be the equilateral tnangle re- 
paired* 




fRO- 
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PROBLEM XII. 

To iiake a Triangle wilA three given Lines a B, AC, 
and &c,ofvihich any two taken (ogether aregrtaler 
than the third. 
With A as a centre and radius 

A c describe an arc, -\i\th the 

centre b and distance b c cross 

it it! c, draw a c and B c. then A'^ 

A BC is llie triangie required. 

PROBLEM XIII. 

Tteo Sidef a b and ic of a right 

angled Triangle being given, to 

find the Hyputhaaae. 

From the point b in a b draw 
BC perpendicular and equal to 
B c : join A c, and it will be the 
h^pothcnuse required. 




PROBLEM XIV. 

TAc Hypethenuse a c, a'<d one Side ab, of a right • 
angled Triangle being given, tojiad the other Side, 
Bisect A C in in, willi m as 
centre and distance is a dc 
■tribe an arc, wiih a as 



centre a 


d di^ 


a net! 


A B cross 


it in B : 


rh^n 


ABC 




wigted ( 


.angle 


and 


B c is the 


required 


liide. 








PROBLE^I XV. 
To find a meaa Proportiunul bttaeen tico given hinu 



Join A B and BC in one st might 
tine, viz. make a c i-qual lu the 
sum iif thi^n, and bisect it in [he 
puint o. With the centres and 
TadiusoA describe a semicirc'e; 
BI B ei'vci ibc perpendicular B D, 
UUl it will be the Ritun pruponionnl 
A>:flO:;BO:Be< 



equired. 
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Note. If A D and d c be joined, a d will be a 
tnean proportronal between ab and ac, also cd will 
be a mean .proportional between b c and a c, viz» 



AB 

and BC 



A D 
CD 









A D 
CP 



A C 
A C. 




PROBLEM XVI. 
To bisect a given Jtigle, viz. to divide it into tx»o 

equal Parts, 

From the centre c Avith any ra- 
dius describe an arc tn n, from m 
and fly as centres with the same 
radius describe two arcs crossing 
eacb other in o, draw co, and it ^ 
will divide the given angle acb 
into the two equal angles a c o 
and BOO. 

PROBLEM XVIL 

jIt a given Point a y in a given Line A ^ to make «» 

Angle equal to a given Angle c. 

With the centre c and any radius x 
describe an arc m n; with the centre 
A and the same radius describe the 
arc os: take the distance mn in your 
compasses, and apply it from s to a; 
then a line drawn from a through o 
will make the angle a equal to the 
angle c. 

PROBLEM XVIIL 

To make an Angle of any proposed Number of Dtgrees 
upon a given straight Line, by the Scale of Chords. 
Upon the line a b to make 

Vn angle of 30 deg. (fig. 1.) 

Take the extent of 00 degrees 

from the line of chords, with 

which and the centre a de* 

scribe the arc o m. Take 30 

degrees from the same scale of 

chords, and set them oflf from *"h" 

o to n; through n draw a»> then nA B is the angle 

recjuircd,' 

To 





PRACTICAL GEOMETRT. 



n 



To make an angle of 150 degrees, (fig. 2), produce 
the line b A to m, with the centre a ajid the chord 
of 60 degrees, describe a semicircle ; take the given 
obtuse angle from 180 degrees, and set off the re- 
niainder> viz. SO degrees from m to n; through fi 
draw A tif then » a b is the angle required. 

PROBLEM XIX. 

An Angle being given to Jind how many Degrees it 
contains, by a Scale of Chords, 

With the chord of 60 degrees in your compasses 
and centre a (fig. 1,) describe the arc on, cuttrng 
Ithe two lines which contain the angle in and n; 
take the distance on in your compasses, and setting' 
one foot at the beginning of the chords on your 
scale, observe how many degrees the other foot 
reaches to, and that will be the number of degrees 
contained in the arc on, or angle n a b. 

If the extent a«i reach beyond the scale, whicb 
y^ill always be the c:i&e when the angle is obtuse, 
produce the line b a from a towards m, (fig. 2), and 
measure the arc mn in the same m iner, the degrees 
it contains, deducted from 180 degrees, will give the 
measure of the ande n a b. 



PROBLEM XX. 

Upon a given straight Line a Up to describe a Sqiktrcm 

With A as a centre and dis- JD 6 

tance a b describe the arc 

I B, with B as a centre and 

the same extent describe the 

arc A c cutting the former 

in ; make o e equal to B 0, 

and draw b e; make oc and 

• D each equal to a F, or f 0, and join the points 

A D, p c and c b, then will a b c d be the square 

required. 

Or 




if 
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Or thus: 

Draw B G perpendicular, and 
equal, to a b ; with the extent 
A B and one foot in a describe an 
arc ; with the same extent and 
one foot in c cross it in d, join 
A D and D c, then a B c D is the 
square required. 




PROBLEM XXI. 

To make an Oblong, or rectangkd PardlUlogram^ of% 
given Length a b, and Breadth b c. 

D;'aw BC perpendicular to ab ; 
with the cvntre a and distance 
& c describe an arc, wFth the 
centre c and distance a b cross 
it in D ; join a d and d c, then 
A B c D is the OblOBg required. 



fD 



A1 — 




PROBLEM XXIL 

Upon a given straight Line a.'B to 
describe a Rhombus^ having an 
Angle equal to the given Angle a. A^ 

Upon A B make the angle 
DAB equal to the given angle 
A ; also make a d equal to 
A B* Then with d and i as 
centres and radi us a b, describe _ 
•rqs crossing each other in c ; A 
join B c and b c^ then a B c D is the rhombus 
required. 




PRO- 
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PROBLEM XXIII. 

To find the Centre qf a given Circle. 

Take any three points a, e, b 
in the circumference of the cir- 
cle, and join AC and bc. Bisect 
A c and B c with the perpendi- 
culars n 0, and m o, meeting each 
other in the point o. Then o is 
the centre required. 



Note. By this Problem it will be easy to describe 
a circle through any three given points that are not 
in the same straight line: or, to describe a circle 
about a given triangle. Also, if any arc of a circle 
be givcn> the whole circle may be readily described* 

PROBLEM XXIV. 

To draxo a straight Lme equal to any given ArCf tffm 

Circlcy A B. 

Divide the chord a b into 

four equal parts ; set one part 

A c on the arc from b to © : A. C ^ B 

' draw c d, and it will be nearly eqval to half the 
length of the arc a d b. 



» «. 




Or tins: 

Through the point A, and o the 
centre of the circle draw Am; 
divide o n into four equal parts, 
and set off three of them from m 
to It. Draw a c perpeadicular 
to A M, then through m and b 
draw m c; then will ac be equal 
to the length of the arc a b very 
marly. 




PRO. 



to 



PRACTICAL 6E0METRT* 




PROBLEM XXV. 

7^ make a Square equal in Area to a given Circle^ 

Divide the diameter a b into 
fourteen equal parts, and make 
A o equal to eleven of these 
parts ; erect the perpendicular 
o c, and join a c ; then the 
square a £ B c, formed upon 
A c, is equal to the whole cir- 
cle whose diameter is a b, eX" 
€eedingly near the truth. 

PROBLEM XXVL 
In a given Circle to describe a Square. 



Draw any two diameters a b and 
C D perpendicular to each other, 
then connect their extremities, and 
that will give Hie inscribed square 



Note. If a side of the square, as d b, be bisected 
in iw, and a line omn be dravrn from the centre of 
the circle to cut the circumference; then if the line 
B ft be drawn, it will be the side of an octagon in- 
scribed in the circle. 

PROBLEM XX VIT. 

To make a regular Polygon on a given Line a b. 

Divide 360 degrees by the 
number of sides contained in 
your polygon, subtractthc quo- 
tient from 180 degrees, and 
the remainder Will be the num* 
ber of degrees iu each angle 
of the polygon. From each 
cmd of A B draw lines a o, 
B o, making angles with the 
given line e^ual to^ half the angle of the polygon : 

*thea 
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tLen mth. the centra o and radius o a describe a 
circle, to the circumference of which apply conti- 
Dualiy the given side a b. 

Or thus: 

Take the given line a b from any scale of equal 
parts ; multiply the side of your polygon by the 
number in the third column of the following Table, 
answering to the given number of sides, and the 
product will give you the length of a o or o Bp 
with which proceed as above. 



No.of| 


Name of the 


Rad. of the Circum- 


Angle A B, 


Sides. 

3 


Polygon. 


scribing Circle. 


or, OB A. 


Trigon 


'5773503 


30 


4 


Tetragon 


•7071068 


45 


5 


Pentagon 


•8506508 


54 


6 


Hexagon 


ly'Side^Radius. 


60 


7 


Heptagon 


1-] 5238^25 


64f dS 


8 


Octagon 


l-30656'30 


9 


Nonagon 


1-4619022 


70 ? 


10 


Decagon 


1^186340 


72 


1 1 Undecagon 


17747329 


73/t 


12 Duodecagon 


1*93 185 16 


75 



PROBLEM XXVni. 
In a given Circle to inscribe any regular Polygon ; or^ 
to divide the Circunrference of a given Circle into any 
Number of' equal Parts, 

Divide the diameter ab 
into as many equal parts as 
the figure has sides ; from 
the centre o draw the per- 
pendicular m, divide the 
radius n into four equal 
parts, and set off three of 
these parts from n to m; 
from fit, through the second 
division «, of the diameter 
A By draw m c ; join a c, 
aod it will i» the Aide of the polygon required. 

2 ^^^^ 




'•^ 

:»■■ 
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PROBLEM XXIX. 

Given the two DiameUn of an Otai, a Kgun 
reieoiiling tie Conic Section calkd an ELLirsit* 
to detcriie it. 

Bisect the longer ilidineter 
A S in the point c by the , 
line M R, bisect the shorter 
diameter n i in k, set off 
H s or I K from c towards 
ffl and K. 

Make A o equal to n l, di- 
vide the remaining part «K 
into three equal parts, and set 
off two of tliem from c to s. 

With 9 Ets a centre, and radius ss, cross the line 
mn, inm and n, through s draw ms £, nt^a D, n 8 G* 
and nfl F, of an indefinite length. 

With tlic ritdiuk A s and centre s describe (he arcs 
BAG and f B D ; aho with n as a centre and radius 
n G describe the arc o v, passing ihruiigh the extre- 
mity of th« shorter diameter, and meeting b r in the 
point r; in a similar maimer, with m as a centre, and 
radius ffii or mo, describe the arc es, which «itl 
complete the oval required, 

PROBLEM XXX. 
T/k irantverse and omjagate Diameteri of an ELLir> 
■II ieing given, ta _find the Ftci aiui to ecnaruct 
the ZUipiu. 

Draw the transverse and 
conjugate diameters a b and 
■ D E, bisecting each other at ^f^.-", 
right angles in the centre c. ' ■ *" 

With the radius ac and 
centre o describe an arc cut- 
ling A B in r,_/i these two points will be the fad of 
the ellipsis. 

Taka 
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Take any number of points m, m, &€• in the trans- 
verse diameter a b ; then, with the radii Am, m b, 
and centre's f,/*, describe arcs intersecting each other 
in o, o, &c. these points of intersection will all be 
situated in the curve, which may be drawn througk 
them with a steady hand. 

Or, 

Having found the two foci, the ellipsis may be 
described by. the 39th definition; for, any two 
straight lines f o, /o, drawn from the two foci f,/", 
to the curve at o, are together equal to the trans- 
verse diameter a b of the ellipsis. 



PROBLEM XXXI. 

Civcn the Abscissa v m^ and ordinate 8 m, of a Para* 

bola, to construct it. \ 

Bisect the given ordinate sm 
in B ; join b v and draw b d 
perpendicular to it, meeting 
the abscissa produced in d. 

Make or and vc, each equal 
to Dm, then will o Be theybcti^ 
of the parabola. 

Take any number of points 
flim,&c.iu the abscissa,ihrough 
which draw the double ordi- 
nates sms, &c. of an indefinite length. With the 
radii o c, wi c, &c. and centre o, describe arcs 
cutting the corresponding ordinates in the points 
a 8, &c. and the cutve s r s, drawn through all the 
points, will be the parabola. required. 
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PROBLEM XXXII. 



Given the transtxne and conjugate Diamelen of <m 
Msperbola, to dctcribe the Curse and i(t Asgmptolet. 

Let c D be th« 
conjugate JiBine- 
ter, bisect it in a 
and draw ji b at 
right angles to 
c D, then A B will 
be the transverse 
diameter. These 
two lines may be 
of any giveu 
length. 

Bisect AB in o, 
and with the ra- 
dius o c or OS and centre o describe the circla 
c F af, cutting A B produced in /and f. These 
two points will be the two foci of the hyperbola. 

In B A produced take any number of paints m,m, 
Ik, and from /and r as centres with the distances 
Bm, and Am a.s radii describe arcs cutting each other 
in P, P, &c. these points of intersection will all be si- 
tuated ill the curve, which may be drawn tbrougk 
them with a steady hand. 

If straight lines o H, o K, be drawn from tho 
point o, the middle of the transverse diameter, 
through c and o, the extremities of the conjugate, 
they will be the ast/mptott* of the hyperbola. Sea 
Definition 63, 
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PROBLEM XXXUI. 

To construct a Diagonal Scale. 




Draw eleven linos of equal length atid at equal 
distances from eacll other, as iii ihe ubove figure ; 
divide the two outer lines, as a i>, c n, into awy 
convenient number of equal parts, according to tlie 
lajgeness you intend your scale. Join these parts 
by straight lines, as a c, B o, &c. first taking care 
that the corners c, a, d, E, are all square. Again 
ditide the lengths a b and CO into 10 equal parts. 
Join these parts by diagonal lines, viz. from the point 
A to the first division on c o, and from the first divi- 
sion in A B, to the second division in c o, &c, as in 
the figure, and number the several divisions. 

The chief use of such a scale as this, is to lay down 
any line from a given measure; or to measure any 
line, and thereby to compare it with others. If the 
large divisions in v b be called units, the small di< 
visions in c u will be lOths, and the divisions in tlia 
altitude ob will be H>0th parts of ati unit. If the 
large divisions be tens, the others wilt be units, and 
tenth paris> If the large divisions be hundreds, the 
others will be tens and units, &c. 'each set of divi- 
Dions being tenth parts of the former ones. 

For example, suppose it were required to take off 
24* from the scale : fix one fool of the compasses 
«t 2 (if the larger divihioDS in or, and extend (he 
other to the number 4 in co; then niiive both points 
of the compasses by a parallel motion, till you come 
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to the fourth long line, taking care to keep the right 
hand point in the line marked 2; then open the 
compasses a small matter, till the left hand fo«t 
reaches to the intersection of the two lines marked 
4, 4j and you have the extent of the number re- 
quired. In a similar manneri any other number 
may be taken off. 



THB 



THB 



COMPLETE MEASUREIt 



MENSURATION OF SUPERFICIES. 

J. HE area of any plane figure, is the measure of 
its surface, or of the space contained within the 
boundaries of that surface, without any regard to 
thickness, and is estimated by the number of squares 
contained therein ; the side of those squares being 
either an inch, a foot, a 3'aix], a link, a chain, &c. 

And hence the area is said to be so many square 
inches, square feet, square yards, square links, or 
square chains, &c. 

Our common measures of length are given in the 
first table below, and the second table of square 
measure is taken from it, by squaring the several 
numbers. 



I. 

Lineal Measure. 



12 Inches - 

3 Feet 

6 Feet - 
l6{Fect \ 

5^ Yards J 
40 Poles • 

S Furlongs 



■5 



f Foot 
I Yard. 
I Fathom. 
I Pole or 

Rod. 
I Furlong. 
I Mile. 



II. 

Square Measure, 



144 

2 



1600 



Inches 
Feet - 
Feet - 
Feet 
Yards 
Poles 



I Foot. 
lYard. 
I Fathom. 
Pole or 
Rod. 
I Furlong, 
64 Furlongs - i iVlilc. 



72| Feet J 51 
30I Yards I ' I 



Land is measured by a chain, called Gunter's 
Chain y of 4 poles, or 22 yards in length, and con- 
sists of 100 equal links, each link being ,W of a 
^ard in length, or 7*92 inches. I'cu square chains, 

c 2 or 



2ft 
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or 10 chains in length and one in brcadlb, make an 
. acre; ur 4840 square yards, 1 60 square poles, or 
-100,000 square links, each being the £aroc ia quan> 
tity. Forty perches, or square poles, make a rood, 
and 4 roo'ds make an acre. 

The lenglh of lines measured with a chain, arc 
generalb) set down in links, as ivhulc nuinben; every 
chain being 100 links in length. Therefore after 
the dimensions are squared, or the superficies is 
found, it will be in square lints; when this is the 
case, it will be necessary to cut off five of the figures 
on the right hand for decimals, and ibe rcxt ivilt be 
acres. Tliese decimals must he then multiplied by 
4 for roods, and the decimals of these again, after 
five figures are cut oft, by 40 for perches. 

PROBLEM I. 
7u Jind the Area ;f a Square. 

RcLF. Multiply the side by itself, and the pro- 
duct will be the area. 

Example \. Let a u c n be a square, each side 
being 14. Required the ajea. 

A M I i M ii n r rmB 



■2^ 

3. What is the area tf a square whose side js 
35-35 chains r Am. 134 acres 1 rood 1 perch. 

3. Required the area of a square whose side is 

£ feet 9 inches. Ane, 33 feet iocbcs 9 parts. 

4. What 



IIINgU'BATIOR OP SirPERriCIES. 



*. What i; 
3723 links ? 



ihe 



area of a square whose side is 
Aas. i3S acrt&d roods 1 perch. 



PROBLEM II. 

Tojind the Area of a Rectangle. 

Ruti!. Multiply the length by the breadth, and 
lie product is the area. 

Example 1. Let a bcd be a rectangle, the length 
whi-reof K 18 ti'et, and the hivadih 9 I'eet. Re- 
quired the urea. ' ^ru. IS X 9 = l62 feet thearea. 
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2. What is the superficial content of a rectangular 
board, whosi: length is 14 feet 6 inches, and breaHih 
4 fti-t 9 inchi's. Am. 63 feet 10 inches 6" parts. 

3. Required the area of a rectangular jiicce of 
ground, uhuse length is l37o links, and brcadtli 
330 link». Ans. 13 acres » roods 10 pprcbes. 

4. What is the superficial content of a rrcinngle 
which is 2 feet 10 inches 6 pans long, and p inches 
broad } Ans, 2 fi'ct 1 inch 10 parts 6 seconds. 

PROBLEM ]IL 
Tajind tht Area ofa Rhombiti, or of a Rkomboidts. 
Rule. Multiply iho length by the perpendicular 
breadth, and the product wdl be the aiea *. 



r.tEuc. 



30 
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Example 1. Let a bcd be a rhombus w 
sides are each 15*5 feet, and ihe perpendici^lar 
= 13'42. Required the area. 

Perpend, a e = 33*42 

The length CD = 15.5 -^ 



hose 

K A 



Area = 



6710 
^710 
1342 

208-018 




2. What is the area of a rhombus, whose length 
is 6 2 chains, and perpendicular height 5'45 chains ? 

Ans. 3 acres 1 rood 20'64 perches. 

3. The length of a rhombus is 12 feet o inches, 
and perpendicular height 9 feet 7 inches, what is 
the area ? Ans. 119 feet 9 inches 6 parts. 

4. The length of a rhombus is 726 links, and 
perpendicular height G35 links, what is the area? 

Ans. 4 acres 2 roods l6'6 perches. 

5. A piece of ground, in the form of a rhora- 
boides, measures 4784 links in length, and its per- 
pendicular breadth is J 908 links, what is its area ? 

Ans, 9 1 acres 1 rood 4'5952 perches. 

6. Required the area of a rhomboides, whose 
length is 1 2 feet 6 inches, and perpendicular breadth 
5 feet 6 inches. Ans. 68 feet 9 inches. 

7. How many square yards of painting are in a 
rhomboides, whose length is 37 feet, and breadth 
5 feel 3 inches ? Ans. 21-^ yards. 



35. of I.) the parallelogram a b d c is e^ual to the rectangle 

A B F X. 

But the area of the rectangle a b r s Is equal to a x x x f 
{Proh. Il)> that is, := A X X c D which is the rule. 

Note, If any two sides of a parallelogram be multiplied toge- 
ther, and that prodMCt be multiplied by the natural sine of their 
contained angle, the last product will give the area of the pa- 
rallelograiDy viz* A c X c o x Mtural sine of the angle c r: the 
area. 

PRO 
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PROBLEM IV. 

To Jind the Area of a Triangle* 

Rule. Multiply the base by the perpendicular 
height, and half the product will be the area*. 

Example !• If the base of a triangle be 15*4 inches, 
and the perpendicular 7"8 inches, what is the area ? 
Am. (15-4 X 7*8) -f- 2 = 60'06 inches. 
' 2. The base of a triangle is !?S*2 yards|Apd the 
perpendicular height 18'4 yards, what is thearea ? 

Ans. 239*44 square yards. 

3. There is a triangular field whose base measures 
1236 links, and perpendicular 731 links ; how many 
acres does it contain } 

Ans* 4 acres 2 roods 2*8128 perches^ 

4. What is the area of a tnanglc whose base is 
18 feet 4 inches, and perpendicular height 11 feel 
10 inches? Ans. 108 feet 5 inches 8 parts* 

PROBLEM V. 

To Jind the Area of a Triangle by having the thru 

Sides given. 

Rule* Add the three sides together, and take 
half that sum ; subtract each side separately front 
the halt' sum, then multiply the half sum and the 
three remainders together, and the square root oi 
the last product will give the areaf. 

Example^ 

* Demonstration, The truth of this rule is obvious, because 
a triangle in the half of a parallelogram of the same base and alti- 
tude. (Euclid, 41. of I.) 

+ DemoHStratioH. a c* = (a b* +8 c*)"— (4 b c X ? ») 

V r Tw __ A B^ 4- B C* — AC*, - 

Euclid 13 of IL ••• bd zz . but ab* — 

'' 2 B c ' 

• •* = A»» £wcLiD47 of Lyij.v/'rB»r^^^^5* 

C 4 := A p. 



ds 
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Example 1. Let a b c be a triangle, whereof thf 

fides A B = 43*3, a c = 20'5, an^ b c = 3V2. 
Required the area. 

A A 





Sum 



B D 

AB = 43*3 

m^ = 20-5 
B c = 31-2 

- 95-0 



C B C I> 

4t'^Jint remainder. 
27*0 second remainder, 
l6*3 third remainder. 



Half Sum 47 '5 

Then v/47 5 X 4*2 X 27 X Ib'S =.\/677i)yy5 
t 296-31 the area. 



rr AD. Now 



A D X BC 



rr the area ,of the triangle by Pro- 



blem IV 



,=^-»- 



AB- -4- BC 



2 B C 



A^j^XiBC. 



Let A B — f , B c rr <», and a c r= ^, then the area of 
the triangle r: ^/^ f* — 



2 <z 



n 



+ -*-**•< xi»=t 



^7. <r^ tfX — £4 4- 2 f^ /,* — a^ -\- z a* b^ — h^ =r { 
^ (a* + 2 tf ^ + A^ — c^) X ( — a^ + 2 fl ^ — ^» + f»X 



4-^ — ^; X « + c— .^ X * + f — «5 = 



^4.^-1-r fl-f-A-f-r 



tf +^4-* 



X— — — ^ X — '— ^ X 

2 2 



fl4-^ +f 



2 % 

which is the rule. 

Cor If the triangle be equilateral, the area becomes 

J fl^ V^3» the side being represented by a. 

Note, if any two sides of a triangle be multiplied together, aini 
that p'-odncr by the nauural sine of the contained angle, the last 
product will be double the area of the Uiaogle. See the oon^ 
F/ob. ill. 

?. Whal 
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fi. What is th« area of a triangle whose'sides are 
50, 40, and 30 ? ^^"s. 600. 

3. The sides of a triangular garden are 4i, 29, 
and 56 yards, what is the area thereof ? 

Avs. 574*34 yards** 

4. How many acres are contained in a triangle 
whose three sides are 49')0, 5025, and 2 69 links ? 

Ans. 6\ acres I rood 39'^H perches. 

5. A field of a triangular form, whose sides are 
380, 420, and 765 yards, lets for 55 shillings per 
acre ; what is the annual rent ? 

Ans. The area is 446'9§;^347 yards, or 9*235337 
acres, which at 55 shillings per acre, amounts to- 
;f25 : 7 : 11^-28, the annual rerft, 

PROBLEM Vr. 

Anj/ two Sides of a right angled Triangle being given,* 

to Jind the third Side, 

Rule 1. To the square of the base add the 
square of the perpendicular, the square root of the 
sura will give the hypothenuse, or longest side. 

2. Multiply the sum of the hypothenuse aaid one 
side, by their difference ; the square root of the pror 
duct will give the other skie*. 




A Base B 

Example 1. Given the base a b 141, the perpen- 
dicular B C 12, what is the length of the hypothe- 
jiuse AC? . 



* The truth of this rule is evidenc from £uci.id 47 of I. 

C^5 14a 



34 MENSURATION OF SUPERnCIM. 

14*1 the base a b« 12 the perpend* b c» 
14-1 12 

144 square of b c« 




198*81 square of a b. 
144' square of b c. 



342-8 1 siim of the squares, the square root of 
which extracted gives a c 18*51513 +. 

-Example 2. Given the base a b 14*1, the hypo- 
thenuse AC 18*51313 required the perpendicular B c. 

18*5 1 5 13 the hypoth. AC. 
14*1 the base a b* 



32*61513 sura 
4*41513 diflfcrence. 



- t-^*0000:wai69 product of the sum and dif- 
ference, the «<|^a^c root Qf which is 12, the perpen- 
dicular B c. ' 

3. The base wPa right-angled triangle is 24, and 
the perpendicular 18, '#)iHt is the hypothenuse I 

Ans. 30» 

4. The wall of a fort standing en the- brink of a 
river is 42*426* feet high,*che breadth of the river .is 
23 yards ; what length must a cord be to reach from 
the top of the fort across the river ? Ans* 27 yards^ 

5. The hypothcnuse of a right-angled triangle is 
ZOy and the perpendicular 18, what is the base ? 

Am. 24. 

6. A ladder, 50 f^et lljng, will reach to a window 
30 feet from the ground on one side of a street; and 
wilhtiut moving, the foot will reach a window 40 feot 
Kgh on the other side. The breadth of the street is 
fuquircd. .^^i^. 23 1 yards* 

7. A line of 380 Cect will reach from the top of a 
irecipice, which stands close by the side of a bsook, 

8 t« 
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to Ae opposite bank, and the precipice is 128 feet 
high ? how broad is the brook ? ^ns. 357'79 fee^ 

8. If a ladder, 50 feet in length, exactly reach 
the coping of a house, when the foot is 10 feet from 
the upright of the building; how l^ng miist a ladder 
be to reach the bottom of the second floor window, 
which is 17*9897 feet from the coping, the foot of 
this ladder standing 6 feet from the upright of the 
building; and what is the height of the wall of the 
house ? 

Ans. The height of the wall is 48*9897 feet, and 
the length of a ladder to reach the second flooB 
window must be SI '5753 feet. 

PROBLEM Vir. 

Tojind the Arm of a Trapezium. 

Rule*. Divide the trapezium into two triangles^ 
by a diagonal drawn from two of its opposite an- 
gles ; then find the areas of these triangles^ and add 
them together, 

Or, 

If two perpendiculars be drawn from the opposite 
atigles to the diagonal, multiply the sum of these 
perpendiculars by the diagonal, and half the product 

will give the a^rea. 

» 

* Demcmtration, The area of the triangle a b c m , «■ 

A C ^ D E 

and the area of the tnanglie a d c n- . The sum of 

2 

these areas is equal to the area of the whole trapez^ium, viz. 

A€XBP ACXDE BP + DE 

+ ZZ — X A c, which IS the se- 

2 2 2 

«ond part of the rule. 

Hou, U the trapezium can be inscribed in a* circle, the sum. 
•f its opposite angles will be equal to two right apgles, (£uclix>> 
22 of Hi.) and its area may be found by the following rule, viz. 
Add the four sides together, v\d take half the sum, from which> 
half sum subtract each side separately. The square root of thc^ 
f roduct of the four remainders will give the area of the tra^- 
jcaium. 
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Example 1. Let a b c D be a trapezium, the dia- 
gonal A c of which is 80*5, and the perpendiculars 
B r ass 30*1, and d r = 24*5. , Required the area. 
B p = 30'1 



D E = 24*5 



Sum 54*6 

Half 27-3 
A c = 80-5 

1365 
21840 



B 



Area 2197*65 



2. There is a field in the form of a trapezium, 
whose diagonal is l660 links, the perpendiculars 702 
and 712 links, what is the area ? 

Jns. 1 1 acres 2 roods 37'792 perches, 

3. What is the area of a trapezium whose diagonal 
is 34 feet 9 inches, and the two perpendiculars 19 
feet 9 inches and 8 feet 9 inches? 

Ans, 495 feet 2 inches 3 parts* 

4. Required the area of a four-sided field, whose 
south side is 2740 links, east side 3575 links, north 
jside 3755 links, west side 4105 links, and the dia* 
gonal from south-west to north-east 4835 links. 

Jm, 123 acres rood 11-8672 perches^ 

5. Suppose in the trapezium a bcd (see the fore- 
going figure) the side a B to be 15, i- c IS, c D 14, 
and A D 12 ; also the diagonal a c 16 ; what is the 
area thereof? Jtis. 172*5247. 

6. Suppose in the trapezium a B c d, on account 
of obstacles, 1 "could only measure as follow, viz. 
the diagonal a c 378 yards, the side a d 220 yards, 
and' the side B c 265 yards : but it is known that 
the ]»erpendicular D E will fall 100 yards from a ; 
and the perpendicular b f will fall 7p' yards fronrc; 
required tiic area in acres^ 
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Am. The perpe? dicular d e will be 195*959 yards,. 
X r 255*5876 yards ; and the area of the trapeziuiu 
85342*2885 yards, or 17*6327 acres; or 17 acre^ 
S roods 21 perches. 

PROBLEM VIIL ' 

To find tht Area of a Trapezoid. 

* 

Rule *. Multiply half the sum of thetwo parallel? 
tides by the perpendicular distance betweeii them^ 
and the product will be the area-. 

Example 1. Let a b c d JE. „.^ C 

be a trapezoid, the side V y/ 

A B = 23, DC =S'5, and \/ \ 

c I = 13, what is the area? ^ "" V 

First, the sum of A B = / \ \ 

23, and DC = 9*5, is 32*5; / L 

the half whereof is l6'25> A ]P I 

which multiplied by c i = 13, jgires the product 
21,1*25 for the area required. 

2. Required the area of a trapezoid whose pa* 
rallel sides are 750 and 1225 links, and the perpen- 
dicular distance between them 1540 links? 

Ans. 1^5 acres ^ roods 33*2 perches. 

3. What is the area of a trapezoid whose parallel 
sides are 12 feet 6 inches, and 18 feet 4 inches ; and 



* Demonstration, Bisect a d in ii, through h draw f e parallel 
to B c, and produce c d to i }. also draw g h parallel to a B' 
•r e D. 

Now A H h equal to h d> (by construcdon) and the angle a h p 
it equal to the angle e h d (Euclid 15 of 1), also the angle h e d 
it equal to the angle h f a (Euclid 29 oi I). Therefore the 
triangles being egiangulart and having one side equal, are equal 
in aU respecu fsVCLiD 26 of I) ; consequently e d is equal 

to A F. 

Again, h c is half the sum of e c and f b, for it !s equal to 
each of them, consequently it is half the sum of a b and d c, but 
p B multiplied by c i is the area of the figure e c b f, or of its 
equal A D c B, consequently n c multiplied into € 1 is the are^ 
thereof} which was to be provedt 

the 
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the perpendicular distance between them 7 £set 
9 inches ? Ans. 1 19 feet 5 inches 9 parts^ 

4. A field in the form of a trapezoid^ whose 
parallel sides are 6*340 anfl 4380 yards, and the 
perpendicular distance between them 121 yards, lets 
for £^Z ; 1 : 7 7 per annum, what is that per acre I 

Ans. £l I II. 

PROBLEM IX. 

To find the Area of an irregular Polygon, 



Rule. Irregular figures, or polygons, are such 
fts have more sides than four, and the sides and an- 
gles unequal. To find the area, draw diagonals 
dividing the figure into trapeziums, or trapezoids 
and triangles, and find the areas of each of these 
separately. Add these areas together, and the sum 
will be the area of the polygon. 

Example. Required the area of the irregular 
figure A fi c D,£ F 6 A, the following lines being 
give«)* 



A C 

Btn 

6 c 

'An 

no 

« £ 

i> p 



24' 8 
4 

29 

11 

30-5 

6 

11-2 




t4e^ 
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24*8 ac base a c* 11 = perpend, a n 

2 = half perpend, b m 6'6 = j)o 
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49'6 = area of a b c. 


17'6 sum 

8*8 half 

29 = diagonal c c* 




792 
176 




256*2 — area of a c d c^• 


11*2 =s perpend. r« 

€' =s Dp 

17'2 sum. 
8*6 half siiin. 


30*5 = diagonal o B. 
8-6 

1830 
2440 


262*30 = area of o d e r, 

255*2 =areaofiiCDO. 

49*6 = area of a b c* 



Ans, 567*10 sum of the areas. 
2. In a five-sided field a b b d £ a there is given 
A b = 2735 links, BC = 3115, c d = 2370, d b 
== 2925, and e a =: 2220; also the diagonal from 
e to A = 3800, and from c to £ = 4010 links. 
Required the area. 

Ans, 1 17 acres 2 roods 28 perches. 

9. In the figure annexed, there are given in links, 

a 




AB 



<iO MEKSURATIOK OF Stn»£RVICIE9^ 



A H = 3J5, H K = S60 
H I = 295i I L =: 50 
I M = 410, > 



A B = 440, B E = 70 

BC = 145, CF=320 
c D = 405, D » = 470 

D M = 30, 

Required the arca» Ans. 3 acres I rood l6 perclves.^ 



PROBLEM X. 

Tojlnd the Area of a regular Folygm* 

*RuLE \^ Add all the sides together, and mul^ 
laply the sum by a perpendicular drawn from the 
centre of the polygon to the litiddle of one of the 
sides, and half the product will be the area. 

t Rule II. Multiply the square of the side of 
tlic polygon, by the number standing opposite to its 
name in the following table, under the word area^ 
and the product will give the area of the polygon* 

* Every regular polygon is composed of as many equal trian* 
§1es as it has sides; consequently if the area of one ot these tri* 
angles be multiplied by the number of sides iu the polygon, the' 
product will give the area of the whole figure. But the area of 
each of the triangles is equal to the product of the perpendicular 
and half (he base; therefore the product of the perpeodicular 
and half the sura of the sides of the polygon, will give the 
area. 

•V All regularpolygons,of the same number of sides, are simi* 
Jar to each other, and siiuilur figures are to each other as the 
squares of their like sides (Euclid 20 o/' VI) *.• 1* : the are^- 
in the table : : the square of the side of the polygon : the 
area. 

The table it calculated by trigonomefry^ thus for the pentagon,, 
divide 360 by 5, the number of sides, and the quotient is 72 de- 
grees for the angle afb, the half of which is 36, the angle 
AFC. Then 

Sine A F c iz 36*^ - - - .^ - 9*7692iS7 
: A o zz "S half the side - - - - — i*69897»o 
! : Sine F AC — 54° • - • . 9907957^ 

: The perpendicular fo — '688191 - - • —1*8377089. 
Then (-688191 X 5) -r- ft =:r 1*720477 the area of a pentagon 
whose side is i« In a sixnilw manner all tb« oUter numbers are 
calculated. 
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Or, 

Multiply the side of the polygon, by the ntirnber 
standing opposite to its name in the following table, 
under the word perpendicular, and the product will 
give the perpendicular from the centre of the poly- 
gon to the middle of one of its sides. Then proceed 
by the first rule to find the area. 



No. of 
Sides. 

3 
4 
5 
6 

7 

8 

9 

10 

11 

12 


Names. 


l. Areas. 
The Side i. 


11. Perpend. 
The Side i. 


Trigon 

Tetragon 

Pentagon 

Hexagon 

Heptagon 

Octagon 

Nonagon 

'Decagon 

Undecagon 

Duodecagon 


' -433013 
1-000000 

1-720477 
2-598076 

3-633918 
4-828427 
6-181824 

7-694209 

9-36*5640 

11-196152 


. •2886751 
•5000000 
-6831910 
•8660254 

1-0382617 
1-2071068 
1-3737387 
1-5388418 

1-7028437 
1-8660254 



Example 1. The side of a regular pentagon is 
25 yards, and the perpendicular from the centre to 
the middle of one of the sides is 17*204775, required 
the area. 

By Rule I. 25 X 5 X 17* 
2^4775 = 1 075-2984375, Ans. 

By Rule II. 25* XI '720477 
3= 1075-298125 yards, Ans. 

Or, 25 X -6881910 =? 
17*204775 the perpendicular 

y G, hence the area is found as 

above by Rule I., ^ A O B 

2. The side of a hexagon is 14-6, and the perpen* 
dicular from the centre to the middle of one of the 
tides = ] 2-6*4397, required the area. 

Ans. 5538058864 




3.. Re-^ 
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3. Required the area of an octagon whose side is 
9*941, and perpendicular 12. Ans, 477'l68. 

4. Required the area of a heptagon, \f hose sidft 
is 19-38, and perpendicular 20'1215. 

Ans. 1364-841345. 

5. Required the area of a decagon, whose side 
is 20. Ans. 3077*6836. 

6. Required the area of a duodecagon, whose side 
is 102, and perpendicular 190*3345908. 

Ans. 116484-7695696. 
7* Required the area of a nonagoiij whose side 
is 40, and perpendicular 54*949548. 

Ans. 9890-91864. 

8. Required the area of an undecagon, whose 
side is 20, and perpendicular 34*056874. 

Ans. 3746-25614. 

9. Required the area of a trigon, viz. an cqui* 
lateral triangle, whose side is 20, and perpendicular 
5-773502. Ans. 173*20506. 

10. Required the area of a tetragon, y\z, a square 
whose- side is 20, and perpendicular from the centre 
to the middle of one of the sides 10. Ans, 400* 



PROBLEM XL 

Given the Diameter of a Circle to Jnd the Circumfer^ 
enccy or the Circumference to find the Diameter^ 

The ratio of the diameter of a circle to its cir« 
cumference has never yet been exactly determined. 
This Problem has engaged the attention, and exer- 
cised the abilities of the greatest mathematicians for 
ages ; no square, or any other right-lined figure, 
has yet been found, that shall be perfectly equal to a 
given circle. But though the relation between the 
diameter and circumference has not been accurately 
expressed in numbers, it may be approximated to any 
assigned degree of exactness. Archimedes, about two 
thousand years ago, discovered the ratio to be nearly 

aft 
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as 7 to 22; other, and nearer, ratios have since beea 
successively assigned y^iz. 

As 106 to 333, 
As 113 to 355, &c. 

This last ratio is very useful, for being turned into a 
decimal, it agrees with the truth to the sixth figure 
inclusively* Vietay in his UmversaHum Inspectimiem 
ad Canonum Mathematicunif published in 1579> by 
means of. the inscribed and circumscribed polygons 
of 3^3216 sides, carried the ratio to ten places of 
figures, shewing that if the diameter of a circle be 1^ 
the circumference will 

be greater than 3*1415926535^ ^ 
but less than 3'1415926537* 

And Ludolf Van Ceulen^ in his book De Circulo et 
jidscriptiSf by the same means carried the ratio to 
36 places. of figures; this was thought so extraordi- 
nary a performance, that the numbers were cut on 
his tomh-stone in St. Peter's church-yard, at Leyden, 
These numbers were afterwards confirmed by tVille* 
h'ord SnelL Mr. Abraham Sharp , of Little Horton^ 
near Bradfordy Yorkshire, extended the ratio to 72 
places of figures, by means of Dr. Ii(dley*s Series, as 
may be seen in Sherwin's Logarithms. Mr. Machin^ 
Professor of Astronomy in Gresham College, carried 
the ratio to one hundred places of figures. Lastly, 
M. cfe Lagny^ in the Memoires de VAcad, 1719> by 
means of the tangent of an arc of 30 degrees, has 
carried the ratio to the amazing extent of 128 
figures; finding that if the diameter be 1, the cir- 
cumference will be 3-1415, 92653, 5%979, 32384, 
62643, 38327, 95028, 84 J 97, 16939, 93751, 05820, 
97494, 45923, 07816, 40628, 62089, 98628, 03482, 
53421, 17067, 98214, 80865, 13272, 30664, 70938, 
446 + or 447-*. But on ordinary occasions 3*14l6 
is generally used, as being sufficiently exact. 

There is no figure that afibrds a greater variety of 
useful properties than the circle. It is the most 
eapactous of all plane figures, or conlgins the greatest 

area 
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urea within the same perimeter, or has the least peri- 
meter about the same area. 

The area of a circle is always less than the area 
of any regular polygon circumscribed about it, and 
its circumference always less than the circumference 
of the polygon. But on the other hand, its area is 
always greater than that of its inscribed polygon^ 
and its circumference greater than the circumference 
of its inscribed polygon ; hence the circle is always 
limited between these polygons. The area of a circle 
is equal to that of a triangle, whose base is equal to 
the circumference, and perpendicular equal to the 
radius. • , 

Circles, like other similar plane figures, are in 

proportion to one another, as the squares of their 

diameters : and the circumferences of circles, are to 

one another as their diameters, or radii» Keith'^ 

«>• Gcomeirj/f book vii. prop. 194 and 195, 6ic, 

RULES.. 

I. As 7 is to 2S, so is the diameter to the eir* 
cumference. 

Or, as 113 is to 355, so is the diameter to the 
circumference. 

Or, as 1 is to 3*1416, so is the diameter to the ' 
circumference. 

II. As 22 is to 7> so is the circumference to the 
diameter. 

Or, as 355 is to 113, so is the ciicumference to^ 
the diameter. 

Or, as 3'l4l6 is to 1, so is the circumference ta 
the diameter ^ or, which is the Ikme thing, as 1 is 
to •318309*,. so is the circumference to the dia- 
meter. 

Example 1. The diameter of a circle, is 22'6p. 
what is the (circumference ? 



* This number ia found by diyiding i by 3*1416.. 

(1.1 2Z-6 
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(X.) Aa-6 

- 45a 
7)497 2(71.028 (ircum. 



22*6 

2130 
710 
710 



(3.) 31416 

22*6 



188496 
62832 
62832 



1 1 3)8023 '0(7 1 c'ircum* 7 1 dooi 6 ctrcuutt 

791 ' ■ 

113 
113 







. 2. The circumference of a circle is 71, what is 
tlie diameter ? ^ 



(1.) 71 
7 


(2.) 113 
71 

113 
791 

' 855)8023(22-6 
710 


(3.) -318309 
71 


22)497(22-59 
44. 


• 

3i83(^9 
2228163 


57 
44 


^ 22-599939 


130 


923 




110 


710 




200 


2130 




198 


2130 





• • 



By 
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By the.second and third proportions, the diameteF 
is 22*6, but by the first it falls something short. 

3. If the diameter of the earth be 7970 miles, 
what is its circumference, supposing it a perfect 
sphere ? Ans. 25038*552 miles. 

4. Required the circumference of a circle, whose 
diameter is 50 feet. Jns, 157 '08 feet. 

5. If the circumference of a circle be 12, what is 
the diameter ? Jns. 3*8 19708. 

PROBLEM XII. 
Tojind the Length of any Arc of a Cirde» 

Rule I. Multiply the radius of the circle by the 
number of degrees in the given arc, and that pro* 
duct by •01745329 *, the last product will be the 
length of the arc. 

Rule II. From eight times the chord of half the 
arc, subtrapt the ^hord of the whole arc, and oQe- 
third of the remainder will be the length x>f the arc 
nearly f. 

Example 



* When the radius of a circle is i» the semi-circumference u 
3*14159265, &c. and this number divided by iSo, the degrees 
in a semicircle, gives '0x745329 the length of x degree when the 
radius zzi» 

+ This rule was first given by Huygens, a Dutch mathema« 
tlcian. The following approximating theorem, which is Dr. 
Hutton*s, is more accurate ; Jet </ zz the diameter, and « the 

versed sine, then (5JV--i2! — + 4^3^) X | will give 

5 a — 3 If ' •» •» 

the length of the arc. 

The following geometrical theorems are useful in mensura- 
tion. I. If a chord A B of an arc A D B be bisected at right 
angles by the straight line x o, that line is the diameter of the 
circle (Euclid 1 ofMV CoroL) 

2. If a diameter bisects a chord, it cuts it at right angles, 
(EucLip 3 f/UI.) 

3. A straight line drawn from the centre of a circle to bisect 
a chord, bisects the arc likewise, (Keitb*s Euclid 3 0/ HI, note 
17), and cuts the chord at right angles. 

4* Ab 
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Example 1. If the arc of a circle contain 118 
degrees 46 minutes 40 seconds, and the radius of 
the circle be 1£)'9855, what is the length of the 
arc ? 

First 118 deg. 46 m. 40 sec, = 118| degrees; and 
19'9^^^ X 118J == 2373-83321, hence 2373-8332 
X •01745329 = 41-431199251228 the length of the 
arc. 

Example 2. If the chord y^ ^>A 

A D of half the arc a d b be 
19*8, and the chord A B of 
the whole arc 34*4; what is 
the length of the arc ? ®i 

(19 8 X 8)— 34-4=124, 
and 1 24 -i- 3=41-33 J length 
of the arc a d b. 



4. An angle bad in a semi-circle is a right angle (Euclid 31 

yiii.) 

5. In a right-angled triangle the square of the hypothenuse is 
c^al to the sum of the squares of the other two sides, (Euclid 
47y I.) see also Problem VI. 

a If a perpendicular be drawn from the right angle upon the 
Ikypothenuse, the triangles on each side of the perpendicular are 
timilar to the whole triangle and to each other, (Euclid 8 

<^v»> . . . 

7* In similar triangles the sides opposite to the equal angles 
are proportional, (£uclid 4 '/ VI.) Hence, 

xc : SA :: ka : ed, orsc XBorrsA^ 
0C : ad :: ad : KD,orocXEDr=AD> 

8. If two straight lines within a circle cut one another, the 
rectangle contained bj the segments of one of them, is equal to 

'the rectangle contained by the segments of the other, (Euclid 
35 tf lit) Hence, 

bcxcd:=acxcb, and because a c = c b in this figure^ 
sc XCDZIAC^, or£c:Ac::Ac:cD, consequently 
s c s: A -c* -s- e D, and c d — a c* -J- e c, therefore if the chord 
«f any arc,'and its versed sine be given, the diameter is easily 
found. 

9. An angle at the centre of a circle is double to an angle 
«t the circumference, if they stand upon the same arc,, JCuclid 
%o, 9^ 111.) Hence the angle a o o is double ^^t anglt 

ABO. 

3. If 
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3. If the chord a B of the whole arc a D b be 6, 
and the chord a d of half the arc 3*043836, what is 
the length of the arc ? Am, 6*ll6896« 

4. If the radius of the circle be 9» and the arc con- 
tain 38*9424412 degrees, what is its length ? 

Ans. 6'\\7Q63* 

5. There is an arc of a circle, whose chord' a b is 
,50'8 inches, and the chord a d 30'6, what is the 
length of the arc ? Ans, 64y inches* 

6. The chord A B of the whole arc- is 40, and 
the versed sine DC 15, what is the length of the 
arc ? ' Am. 5df. 

7. If the radius of the circle be 11*3, and the 
arc contain 52 degrees 15 minutes, what is its 
length ? Ans. 10*304858, &c. 

8* If the chord a B be 36, and the versed sine 
C D ss €, what is the diameter e d of the circle ? 

Ah8. 6(K 

9. If the chord a B be 18, and the jersed sine 
D c = 4, what is the diameter of ED? - At}S, 24|« 

10. If the chord a B be 12, and the radius o a 
OX O B = 10, what,is the length of the arc a d b ? 

Ans. 12-86548. 



PROBLEM XIII. 
Tyjind the Area of a Circle* 



'■*.r 



RULCS. 

♦ 1. Multiply half the circumference by half the 
diameter: or take ^ of the product of the whole 

cir<?iim- 



* I. Every circle may be considered to be a regular polygon 
of an infinite number of sides. Now the semi-diameter must be 
equal to the perpendicular of such a polygon, and the circumfer- 
ence of the circle equal tq the sum of the sides of the polygon. 
Therefore half the circumference, multiplied by half the diameter^ 
gives the area. 

2. All circles are to each other as the squares oftheir dta* 
meters (Euclid 2 of Xlh) and the area of a circle whose diameter 
is I is 7854 (Example 2d) ••• 1* : </» : : 7854 : d^ x 7854 * 
the area of a circle whose diameter is dk 

3. 113 
2 
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circumference and diameter, und it will give th« 
area. 

"2. Multiply the square of the diameter by •7S54, 
and the product will be the area. 

S. As 452 is to 355, so' is the square of the dia* 
muter to the area. 

3- ''3 • 355 •• diameter i i circumference (Prob. XL). 
Mow the area of a circle whose diameter is i is J bf.this circum*^ 

355 
ference IRuU I.) := -^, and the areas of circles are to each 

•thex as the squares of their diameters, *,• x^ : — i :: d^ t 

451 

tf :r: the area, viz. 452 : 355 :: d^ : a. 

4. 7 : 22 :: diameter i : circumfereoce (Pr^. XI), and by 
the same argument as aboye, the area of a circle whose diameter 

is I is---z=<r-; heace 14 : 11 z: ir i tu 

Xo - 14 

5. Because the circumferences of circles have t^e same ratio 
to each other as iheir diameter:, [Keitb'i Geom. 194 0/ \U.) 
and the areas are as the squares of the diameters, they are also 
to each Other as the squares of the circumference (Euclid 119^ 
V), and '07958 is the area of a circle whose circumference is Xa 
for when the circumference is x, the diameter is '31 8*309. 

6. 22 : 7 : : circumf. : diameter, but the area of a circle 
whose circumference Ts i, is { of this diameter {Rule I.) viz. 

7 
^ and cirtles are to each other as the squares of their circum- 

7 
ferenoes •.• t* : -^ :: c* : «, viz. 88 ; 7 :: c^ : 41. where 

00 

r :z the circumference. 

• 7* 35s • '13 ** circumference x : diameter, and by the 

same argument as above, the area of a circle whose citcumfer* 

. i»3 - 

cnce IS X, is—, ••• X420 s 113 st c* z «. 

1420 ' 

Note, If ^=z the diameter, c z= the circumference> «ir tke 
area, andn n 3*1416. 



Theo I St 






4 ' 

od. fr:»^=-T'=:*V' 






md^ ^^e^ dc 

4th. iH^-jS-y ^jj. 

D 4. As ^ 
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4. As 14 is to 11, SO is the square of the diameter 
to the area. 

5. Multiply the square of the circumference by 
•07958, and the product will be the area. 

6. As 88 is to 7, so is the square of the circumfer- 
ence to the area. 

7. As 14^0 is to 113, so is the square of the cir- 
cu Inference to the area. 

* Note, To find the area of a semi-circle, or of a 
quadrant, find the area of the whole circle, and di« 
vjde it by 2 or by 4 for the answer. 

Example I. The diameter of a circle is 22*^, and 
its circumference 71 » what is the area by the first 
Rule? . 

35'5 half circumf. 22*6 diameter. 

11*3 half diameter, 71 circumf. 



1065 22e 
355 1582 
355 



4)1 604-6 



401*15 area. 

■ 401* J 5 area. 

2. If the diameter of a circle be 1, and its circum- 
ference 3'14l6, what is the area ? Ans, '7854. 

3. If the diameter of a circle be 22*6, what is the 
area by the second Rule ? Ans. 401*150904. 

4. If the diameter of a circle be 22*6, what is the 
area by the third Rule ? Ans, 4#1*15. 

5. If the diameter of a circle be 22*6, what is the 
area by the fourth Rule? Ans, 401*31 the aree^ 
being larger than by the other methods. 

6. l( the circumference of a circle be 71 » what is 
the area by Rule 5 ? Ans, 401*16278. 

7. If the circumference of a circle be 71, what is 
the area by the sixth Rule? Aris. 400*98. 

8. If thecircu?iiference of a circle be 71, what is 
the area by the seventh Rule? Afis, |tt^*15. 

9. What is the area of a circle ^hosedlrojeter 
is 12? Am, 113*0976. 

10. Th« 
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10. The diameter of a circle is 12, and its circum- 
ference 37*6992, what is the area? Jtjs. 1 1 3*097 6. 

1 1. The circumference of a circle is 37*^'99'2, what 
is the area ? Ans. 113-1 04579* &c. 

12. The surveying- wheel is so contrived as to turn 
just twice in the length of a pole, or l6| feet; in 
going round a circular bowling-green, I observed it 
to turn exactly 200 times ; what is the area of the 
bowling-green ? Ans. 4 acres 3 roods 35'8 perches. 

13. The length of a line, with which my gardener 
formed a circular fish-pond, was exactly 27^ yards; 
pray what quantity of ground did the fish-pond take 
up ? Jns. 2419'22835 yards, or half an acre nearly. 

14. The diamet&r of a circle is cO, and the semr- 
circumference 47*124; what is the area of the 
semicircle ? Ans, 353*43. 

1 5. The diameter of a circle is 200, \vhat is the 
area of the semicircle ? yJns. 15708. 

16. If the circumference of a circle be 157 08, 
and the diameter 50; what is the area of the semi- 
circle? ^/w. 98175. 

17. Required the area of a quadrant, the radius 
being 15, and the Pength of the arc line 23'562. 

Ans. 176-7 19. 

18. The diameter of a circle Js 200, what is the j 
area of the quadrant h Ans^ 7854. 

PROBLEM XIV. 

Given ike Diameter^ Circumference^ or Area of a Circle; 
to find the Side of a Square fqual in Area to the 
Circle^ and the Side of a Square inscribed in the 
Circle : or^ havng the Side of a Square given^ to 
find the Diameter of its circumscribing Circle, and 
also of a Circle equal in Area, SfC, 

RULES. 

1, The diameter of any circle, multiplied by 
•8862269* will give the side of a square equal in 
area. 

2. The circumference of any circle, multiplied 
by '2820948, will give the side of a square equal in 
affea. 

»2 ^.^V^ 
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3, The diameter of any circle, multiplied by 
^7071068, nill give the side of a-square inscribed iu 
that circle. 

4* The circumference of any circle, multiplied by 
•22507.91, will give the side of a square inscribed in 
that circle. 

5. The area of any circle, multiplied by '6366]97^ 
and the square ro©t of the product extracted, will 
give the side of a square inscribed in that circle. 

6, Tbe side of any square multiplied by 1'41423(>, 
will give the diameter of its circumscribing circle. 

7« The side of any isiquare, multiplied by 4 '4428829, 
will give the cil-cuniference of its circumscribing 
circle. 

8. The sitle of any square, multiplied by 1'128379X, 
will give the diameter of a circle equal in area t« 
the square. 

9. The side of any square, multiplied by3*544907ff. 
will give the circumiorenco of a cifcle equal in aroft 
to ihe square. 

Exanipfe 1. If the diameter of a circle be 22'^, 
what is the side of a square equal in area to the 
-circle ? Jns. 2002872794. 

2. -If the circumference of a circle be 40, what is 
the^id^ of a square equal in area to the circle ? 

yy;?s. 11-283792. 

3. If the diameter of a circle be 50, what is the 
side of a square inscribed in that circle? 

Jiis. 35-35534. 

4. Jf the circumference of a circle be 40, what is 
the side of a square inscribed in that circle? 

Alls. 9-003164. 

5. If the area of a circle be 19^3*5, what is the 
side of a square inscribed in that circle? 

Ani,.S5'3553. 

6. If the side of a square be 35*3^, what is the 
diameter of a circle which will circumscribe that 
fguare f Ans. 50006592896. 

7. if the side of a square be 35*36, what is the 
circumference of a circle which will circumscribe 
that square ? Ans. 157' 100339344. 



MENSURATION OF SUPEUFICIE^. 



53^ 



S, IF the side of a square be 35*36, what will be 
the dinmetcr of a circle having the sntne area as the 
5)t}uare ? Ms. 39-899484976\ 

9* If the side of a square bd 35*36, whiU is the 
circumference oi a circle, having the same area as 
the square ? Jns. I25'34793273^ 

PROBLEM XV. 
Tnjind the Area of the Sector of a Circle, 

Rule I. Multiply half the length of the arc by 
the radius of the circle, and the product is the area 
of the sector. 

Rule II. As 36i() is to the degrees in the arc of 
the sector, so is the area of the whole circle to the 
area of the sector.. 

Example 1. Let A D RE be the sector of a circle 
less than a semicircle, whose radius a e or b s is 
24'5, and the chord a fi = 39*2 ; what is the 
area ? * 

First, x/a fi* — AC* = y/buO-jD — 384." 10 = 
147 = EC. Then E d — e c = a E — ec = 2 4'5 

— 14-7 ■= 0-8 rrr c D. And s/a c* + c j>* = 

v/364-iO + 9oo+ = 21 9135 
s= A D the chord of half the 
arc. Hence, by Rule II. Pro- 
blem XU. the length of the arc 
will be found = 45-3693, the 
half of which, viz. '2^*68466, 
multiplied by 24*5 the radius, produces 555 77417 
the area required. 

Example 2. Let a D f B c a D 

be a sector, greater than a 
semicircle, whose radius a<: 
or c B =x 20-6, the chord b » 
of the arc d b B = 3:;'4, and 
the chord B e of half that arc 
« 20-3J962. Required the 
area. 




d3 




a^^^b^"^ 
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20-359^2 = chord B s 42'49232 =s D K B 

8 , 20-6'=:bc 



162-87695 25495392 

35-4 = chord B » 8498464' 



3) 127*37696 875-341 792 area, 

■ ■■ ~ ■ ■ — — 1« ■ ii» 

42-49232 = arc D E B, 



3. Required ilhe area of a sector, less than a se- 
micircle, whose radius is 9, and the chord of the 
arc 6* 

j4ns. The length of the arc is 6-116896, and area ^ 
27-526032. 

4. Required the area of a sector, whose arc con- 
tains 18 degrees, the radius being 3 feet. 

Ans, 7 he length of the arc is '94247766, and the 
area 1-41 37 16*49. 

5. R(Miuired the arog. of a sector, greater than a 

semjcircjc, wnuse rauius a c or BC =- Ji^ anu me 
chord B D of half tlie arc a d E B, viz. the chord of 
the whole arc d e B = l6« 

j4/}s. As in Example 1, you will find b e s=s 
S-9442719, and the length -of the arc deb 
18-518050584; hence the whole area will be 
185-18050584. 

6. What is the area of a' sector a G b c less than 
a semicircle, the chord of the whole arc a b being 
50*8, an<l the chord ol half the arc a g 30-6. 

Atis. The length of the arc agb = 64|, versed 
sine F G = 17-0645, the diameter dg = 54-8716*, 
radius c g = 274358, and area of the sector 
887*0908. 



f Vide Ntte S, Problem XIL 



fRih 
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PROBLEM XVI. 
Tt^find the Area of the Segment of a Circle, 

Rule I. Find the area of the sector, having the 
same arc as the segment. (Problem XV,) 

Find the area of the triangle, formed by the chord 
of the segmfc^nt and the radii of the sector. 

Then, if the segment be less than a semicircle, 
the difference of these two areas will give the an- 
swer; but if the segment be greater than a semicir- 
cle, take th^ir sum for the area required. 

£xampie I. Required the area of the segment 
A G B, less than a semicircle, the chord a b being 35 
and the versed sine f g s=9^- 

First, F G = 9'6 : A F =s 
J7'5 :: A F= 17*5 : FD = 
31'9' Note 8, Prob. XII. 
hence the diameter d g = 
41*5, the radius c G = 2075, 
and the perpendicular f c of 
the triangle a c b = 11' 15. 

Sec ondlify \/ \ f* -^ f g* 

= s/yj^"^ + 5>-6* = 19-96 

= A G the chord of half the 
arc A G B. 

Ili5r=rc. 

35 =: A B« 




3345 
2)390-25 



195' 125 area of the tri- 
— angle acb. 



•»i— IP 



19-96 = A 6. 
8 



159-68 
35- 

3)124-68 



AB. 



2)41*56 arc age* 
20-78 half arc. 



i)4 



20-rt 



^6 
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20-78 = half arc a o b. 
2075 = radius c G. 



Product 431-1850 = area of the sector. 
195*1 25 = area of the triangle. 

. Remains 236*0600 = area of the segment. 

Example 2. Let adebfa be a segment greater 
than a semicircle; tfeere are given the chord a B of 
the segment = 20*5, the height i'D=17*17i the 
radius of the circle = 11'6'4, the chord of half th« 
arc A D E B, viz. b d = 20, and the chord of one- 
fourth of the arc, via. B b =;= 11*5, to find the area 
of the segment, 

(b f. X 8) — B D (11-5 X,8) — ^0 ^. . 
q '. s= ■ = 24 tiie 

length of the arc B E D (Prob. XII.) 24 X 1I*6'4 

= 279*36' area of the sector a deb c a, (Prob. XV). 

Kow Ft— CD = 17* 1 7 — 11*6* = 5-53 = FC, and 

A B X FC 20-5 X 5-53 ^^^«^^ - ,, 

= . = 50'0825 area of tb« 

2 2 

triangle a b c. 

Lastly, 279-36 + 56-6825 = 336-0425 the area 
of the segment required. 

Rule II*. To the square of half the chord of 
the segment add the square of the versed sine, the 

square 



• This Rule is Sir I. Newton's. The following Rule, which 
18 likewise his, is someihing shorter, though not so accurate. 

Rule lit To the squire of half the chord of the segment 
add the square of the versed sine, the square root of this sum will 
jgive the chord of half the arc of the segment. 

To t of the chord of half the arc of the segment add the chord 
of the segment, the sum multiplied by j of the versed sine will 
^ve the area. 

, To these may be added the following Rule, which is simple 
in its application, and sufficiently accurate tor practical purposes, 
when the segment is not very large. 

lHuLg IV. To two thirds of the product of tlic chord and 

height 
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square root of this sum will give the chord ®f half 
the arc of the segment. 

To the square of the chord of the segment add 
the square of the versed sine, and to twice the 
square root of this sum add the chord of half thfe 
arc ; multiply thi* result by the versed sine, and Vx 
of the product will give the area. 

Exampk 3. Required the art-a of a segment 
A o B Jess than a semicircle, whose chord a B is 35 
and vereed sine f w = 9*^» 

height of the segment, add the cube of t. e height divided by 
twice the chord, and the sum will be the area of (he segmenCy 
nearly. 

When the segment is greater than a semicircle, find the area 
of the remaining segment, which subtiact from the area of the 
whole circle. 

Note* This Rule has been inserted in several books, but lii^ 
therto without demonstration. Mr Peter Nicholson, in'a letter 
to the editor of this work, written from Car/isle^ sometime ago, 
states that the Rule was originally given by him. 

Demonstration, Let v 3: the versed sine f c of the segment 
A c B, and <^ ~ DC the diameter of the circle, then by Dr. Hut- 
tw's Mensuratioat p. lOi, quarto edition, published in 177O, the 



v» 



area of the segment zz % v */ d v x ( - — — 7- o ,^ 

\\ K,d %% d^ 

■ '^ .i > &C. ) But (by Note S, Prob. XII. of this Ticitisc) 
72 « ^ / 

D F X F c zr A r*, or (J — v) X « =: — , hei>ce </ =: — + v 

4 4*^ 



2 v3 2 vX 



and a « ^ d v :^ v ^/c* -f- 4 w'^ rr v c + — • — — ~ 4- 

c c* 

4v7 f 2v3\ /2 V \ 2 , At^ 

^ — —, «c. n: - v f + — — ■■ a= • 1; r 4- 

Stf 3 3f5^-f20'v» 3 ^ 

t f* <;3 4- 80 V* a 8 v3 ^2 1,4 4- So i.'5 2 

-■ o , £ =s— vr4- — •■ ' ^ = - t; < 

*5<^^ + 6o«<r 3 J5 c 15 c^ 4. 00 -uc 3 

8 t;3 2 V 3 /^ 

+ — sar — vr 4- — - nearly, which is the rule, = f 1 ^ -i- 
I5f 3 a« \1 



-) 



)^ vy where c is^l^e chord a b. of the segment. 
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First, v/a f* + f g* = \/i7'5* + g-t)* 
19*96 = A o th e chord of h^i f the ar c a g B. 

Secondly, v^a b* + f g* = v^35* X 9*6* 
S6-2926. 



Then (36-2926 X 2 + IS'Sfi) X 9*6 ^ ,^ *=* 

10 

236*9157 area of the segment. Vide Example 1. 

4« The area of a segment a d e b f a, greater 
than a semicircle is required, the chord a b being 
SO-S, and height f d 17*17. 

By Note 8, Prob. XII. the height F o of tbe re- 
maining segment a^b = 6*119** hence the dia- 
meter is 23*289» and the area of the whole circle 
425'9833«)5. By Rule II. the area of the segment 
A o B is 89*29644, which, subtracted from the area 
of the whole circle, leave 336*68686 for the area 
required. See Example 2. 

5. Required the area of a segment A O B, lest 
than a semicircle, whose chord a B is 18*9, &Dcl 
height WQr = 2*4. 

.^ f30*60I875by Rulel. 
^"*' 130*62626 by Rule 2. 

6. Required the area of a segment a o B, less than 
a semicircle, whose chord a b is 23, and versed siue 
r o = 3*5. 

J { 54.*5844 by Rule 1. 
"*'^- 1 54*647 by Rule 2- 

7. Required the area of a segment A D e b f A 
greater than a semicircle, whose chord a b is 12 and 
versed sine f D = 18. 

jins. J'he diameter d G of the circle = 20, and its 
area = 314*l6. The versed sine f o of the smaller 
segment a g b = 2, and its urea, by Rultf 2, =3 
16*3496*5, hence the area of the whole segment 
A D £ B r A = 297*81034* 



PRO* 
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PROBLEM XVII. 

To find the Area of the Segment of a Circle hy the TMe 
gvctn at the End of this Treatise, 

Rule. Divide the height of the segment by th« 
diameter of the circle, to three places of decimals. 

Find the quotient in the column height, and take 
out the corresponding area seg, which multiply bj 
the square of the diameter, and the product will be 
the area of the segment required. 

Note, If the quotient ef the height by the diameter be greater 
than '5, subtract it from an unit, and find the j^rea &r^. corre- 
sponding to the remainder, which subtract from '7854 for the 
correct ^ea Seg. 

If the quotient of the height by the diameter does not termi« 
nate in three figures, find the Area Seg, answering to the first 
three decimals of the quotient, subtract it from the next greater 
Jo'ea Seg. multiply the remainder by the fractional part of the 
quotient, and add the product to the Area Seg, first taken out of 
die table. 

Example 1. Required the area of the segment of 
a circle, whose height is 3*25, the diameter of tbe 
circle being 60. 

3-25 -f- 50 =s '065 the tabular height, against 
which stands the Area Seg, •021659; hence •02l6'59 
X 50* = 54*1475, the area required. 

2. Required the area of the segment of a circle, 
xvhose height is 46*75, and the diameter of the cir- 
cle 50. 

4675 -i- 50 = '935, hence 1 —-'gSo = '065 tabu- 
lar height, against whic^ stands the Area Seg^ 
•021659, then -7854 — -021659 =-763741, the cor- 
rcct Area Seg. ; hence •763741 X 50* = 19093525 
Ihc area required. 

3. Required the area of the segment of a circle^ 
whose height is 2, and the diameter of the circle 52. 

2 -f- 52 = -OSS T^ the tabular height. The Area 
Seg. answering to '038 is '009763, the next greater 
Jrea Srg. is -010648, the diflercnce is 'OCfOSSS; ti of 

p (i whick 
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which is -OOO!??, then -009763 + '000177 = 
'OO994O the correct Area Seg, corresponding to 
•038tt> hence -009940 X 52^ = 2tf-87776,the area 
required. *. 

4. Required the area of a segment, whose chord 
is 12, and height 18. 

Ans, The diameter of the circle ac= 20, and the 
area of the segment = 297*8 1 . .J 

5. The chord of a circular segment is 20, and the 
heiiiht 5, what is the area? 

Ans, The diameter of the circle s= 25, and the 
area of the segment = 6*9'8&9375. 

PROBLEM XVIII. 

To find the Area of a Circular Zane^ or the Space 
included b^f tzco parallel Chords, and the Arcs con» 
iained belneen them. 

Rule. Join the extremities of the parallel chords 
by two straight lines, so as to form a trapezoid; then 
the two opposite segments which thtse lines cut off 
will be tqual *. 

To the area of the trapezoid add twice the area 
of one of the segments, and the sum wilt be the area 
of the zone. 

Example 1. Suppose the greater chord a B =£= 40t 
the less chord c d = 30, and their perpendicular 
distance d m = 35 +, what is the area of the zone 

A B D C? 

First 



• Keith's Geom. i6sofVU. 

f 'GekkralConstrvction. Draw ab •£ the given lengthy 
make m b equal to half ihe difference between ab and c d> erect 
the perpendicular m d, and make it equal to the distance between 
the given chords, through d draw o c of the given length* pa« 
rallei to a b, and join a c. 

Bisect A c and o c by the perpendiculars o r and c f, then w 
will be the centre of the circle, join f c and describe the circle, 
\yich F as a centre, and r c a& a radius. 

Produce 
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First f (a b — c I)) rswB 
: f (40 —^30) = 5. 

' = D B = 

35-3553-lf 







= 35 



V^35» + 

A B «» '/} B = A 7/t = 40 — 5 =s 

35, and (a »/i X B m) -r d w 
= R m = (35 X 5) -f- 35 = 
5 ; p y;i + e ff t = p e 

1 V^C D* + D t* = fCB = FU=| v^30* + 40* 
= '25 the radius of the circle, (d b X a fn) -:• 

2 D iw = o F = (35-35534 X 35) ~- (35 X 2) == 

17*67707 f F H — o F = o 11 = 25 — 17'67767 == 
7*32233 hei^^ht of the segment a ii c. 

7-3223 -r- 50 = •U6'446, me tabular Area Scg^ 
corresponding to which is '071348, hence '071348 
X 50* = 178'37 the area of the segment ago. 
i ( A B + c d) X B OT = f (40 4- 30) X 35 = 1225 
area of tb'e trapezoid a b d c. 



Produce d in to t, and join r e ; then because d m is perpen* 
dicular to a b, it is also perpendicular to c d, {Keitfs Geom, 27 
ofA'^III.) therefore the angle cox is a right ang4e, and c s is. 
a straight line and a diameter of the circle. Join a £, then the 
angle cab is a right angle, (Euclid 31 of ill.) and because 
e F is the ha^f of c b, and co the half of c a, o f is parallel to 
and equal the half of a £> {Keitb'i Ge9m, 62 of VII.) 

GENtRAL M ethod or Solution. ^ (ab— CD)nwBi 

v'dw* -4- mB^ — DB (Euclid 47 of I.) a e — ma zi a »> and 
Am x^BiZDM X OTX, (EacLi* 35 of I II.) therefore x » 
ZZ (a m X w m) -7> D m. Now Dm-f-EinizDE, and 

v^ c o" + D I.'- zz c E tbi diameter of the circle, the half of which 
gives E p =: F H. 

The triangles z ai a and d m fi are equiangular* for they are 
right angled at my and the angles £ a b and bob are et[ual| be- 
cause they both stand in the same arc b e, (Euclid 21 of III.) 
therefore, 

DmiDUiiAfHtAZy the half of which is o f, viz* o f :z: 
(o B X a «i) -^ 2 D «. 

Lastly, FH — FonoMthe height of the segment a h c. 

Note. If the diameter of the circle be given» the operation 
will be much shorter ; or if the chord a c and height o h be 
given, the operation will be very suiiple> and in this case tht 
dittaoce m o need not be giYcn. 

5 LastlY% 
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Lastly, 1225 + (178 3f X 2) = 158J74 the 
area of the zone required. 

2. Suppose the greater chord a B = 96, the less 
chord c D = 60, and the distance between them 
l> m = 26, what is the area of the zone a b D c ? 

Ans, The diameter c k = 100, height of the seg- 
ment A H c = 2'56*58, area = 54*38 by the tabla of 
circular segments. Area of the zone a b » c ssa 
2136-76. 

3. Suppose the greater chord a B = 48, the less 
chord c D = 30, and the chord a c of the segment 
A H c = 15*8114, what is the area of the zone 
A B D c ? 

Ans. The diameter c e = 50, height of the seg- 
ment A H c = 1*2829, area = 13*595 by the table 
of circular segments. Area of the zone a fi DC == 

534-19. 

4. Required the area of the compound tigure 
A E B 1) c H A, the chord E D being 23, and height 
of the segment e b d 3*5, the chord a c = 18*9» 
and height of the segment a ho = 2 4 ; abo the 
diagonal ce of the trapezium a c D c = 34, and a 
perpendicular from D upon it = l6*2, and from 
A = 16. 

Ans. The area of the segment a H c = 30'62626, 
{Example 4, Prob. XVf.) The area of the segment 
£ B D = 5v6'47, {Example 5, Prob. XVI.) area of 
the trapezium = 547*4, area of the whole compound 
figure = 63267326. 

PROBLEM XIX. 

Tojind the Area of a circular Ring, or of the Space 
included between two concentric Circles. 

Rule*. Muliiply the sum of the diameters of 
the two circles by their difference, and that product 

by 



• Let D iz the diameter of the larger circle, and d z: that 
•f the smaller, then will d* X 7^54 be the area of the former. 
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n 



by '7854, the last product will gi%'e the area of th« 
ring. 

Note» The area of part of a ring, or of Uie seg- 
ment of a sector, may be found by multiplying half 
tlie sum of the bounding arcs by their distance \ 

Example 1. The diameters a b and c d of two 
concentric circles are 20 and 15, what is the area 
of the ring m^ m, contained between their circular 
ferences ? 

(a B + C d) X (a B — 
C Dy X 7854 == 35 X 5 X 
•7854 = 137*445 the area of 
the ring m, m. 

2. The diameters of two 
concentric circles are 24 and 
18, what is the area of the 
ring contained between their 
circumferences ? Ans. 197*9208. 

3. The inner diameter of a circular light-house is 
25 feet> and the thickness of the wall is 3 feet 6 




tnd d* X '7S54 the area of the latter. The difference of the^ 
two areas will, evidently, be the area of the ring, hence 7854 

»» — 7854</» = (D* — ^») X -7854 = (P+^) X (d — ^ 
X *78S4> which is the rule. 

* Let D E the greater arc rr tf» b c the less arc n 3, and 
A 9 the radius ZZ r. Now because similar arcs are to each other 

as their radii d i : b c : ; a d : a b^ viz. a ; p :i r : — • 

bra — b 

But AD — AB— B DSZ'' — IZ ■ 

a a 

ar 
y r. The area of the sector a d e z: — , 

2, 

tnd (he area of the sector a b c l= ^ ^ X 

hr h^r 

•— IZ — , hence the area of the stgment 

m 7. a 




a" 



b* 



% a 




X B 9> which is>it|ie rule. 



^ 
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inches ; how many square feet of ground docs the 
^all stand upon ? j4ns. 313'474() feet* 

4. A circular fish-pond is 50 yards in diameter, 
K gravel walk of 6 feet wide, and 3 feet from the edge 
of the water, is to be made round it ; what will be 
the expcnce of gravel for the walk at 5 shillings per 
load, supposing eveiy square^yard tb take half a load 
of gravel ir/^ '2- ^'2 %./^0- Am. £ i ^^i Oi /)Ji fgo, 

5^ What is the area of the part of a circular arch^ 
built with stones, the upper bounding arc being 37 
feet 6 inches, the lower 36* feet 4 inches, and the 
stones each 2 feet 6' inches lon^ ? , 

Am. 92 feet, 3 inches^ 6 parts, 

PROBLEM XX. 

Tojind the Area of a Lune ♦, or of the Space inciudei 
between the intersecting Arcs of two Eccentric 
Circles. 

m 

Rule. Find the areas of the two segments which 
form the lune, and their difference will be the area 
required. 

Example 1. The length C 

of the chord a B is 60, and 
the heights e c === 20, and 
E D = 5> required the area 
of the lune a d b c a. A 





• Several properties of lunes may 
\t seen in Dr, R es*s New Cyclom 
pedla\ the following is the most 
important. 

A semicircle, described on the 
hypothenuse of a right-angled tri- 
aagle, is equal to the two semicir- — - 

cles described on the other two ^ -"^ 

sides ) and if the semicircle on the hypothenuse be drawn so 
as to meet each of the other semicircles in two points, the two 
lunes, thus formed, will be equal to the triangle : viz. the lunea 
j> and E are equal (o the triangle a c B. KatbU Gtometrh 
J97 of VII. . 

By 
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By Note 8, Prob. XII. (a fI* -r- e c) + E c =ai 

the diameter of the circle of which a c b is an arc, 

and (a E* -7- E d) + z d = the diameter of the 

%irc1e of which A d b is an arc, viz. (30* -f- 20) + 

20 = 65y and (30* -r- 5) + 5 = 185. 

The 20 -f- 65 s= -307^7, ^^^ ^^^^ ^^S- ^^ ^f^kh 
= -205243, hence '205243 X 65'' = 8()7 'lalbY 
area of the segment a c B ; and 5 -?* 185 = •027^7 
the AmL&g>, -to which = •005876» hence -005870 
X 185* = 201-1061 area of the segment a d b. 

Lastly, 867-15167 — 201*106l = 666*04557 area 
of the lune. 

Bt/ Rule IV. Note to Prob. XVL 

(6o X 20 X I) + (20' -r 60^2)= S66^666 area 
of segment a c b. 

(60 X 5 X 4) + (5' -r 00 X 2) = 201'041 atea 
of segment a d b. 

Area of the lune as 665*625. 



By Rule II. Prob. XVI. 

The area of the greater segment - = 866*9153 
The area of the less segment - - = 201-1063 

Area of the lune ----•-== 665 8IJ9O 

2* The chord a b is 40, and the heights of the 
segments ec and e d are 15 and 2; what is the area 
of the lune? j4tfs. 38847384, (Aj^ Prob. XVI.) 

3. The length of the chord a J][ is 24, and the 
heights of the segments 9 and 4, what is the area of 
the lur-c } - An$. 93-6*9375, {by Prob. XVII.) 
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MENSURATION OF THE CONIC SECTIONS! 



1. Conic Sections are such surfaces as arc 
furmed by cutting a solid cone by a plane. They 
arc five in number, viz. the triangle^ circle^ dlipsisi 
parabola, ^nd hyperbola. 

2. A Cone is a solid, generated 
by the revolution of a straight line 
about the circumference of a cir- 
cle, one end of which passes 
through a fixed point above the 
plane of that circle; and this 
fixed point is called the vertex of 
the cone. 



Thus, if the straight line k b, passing through the point t, 
revolve ro*4nd the circle a b c in the direction c b a, the solid 
figure A K c B will be a cone, of which e is the vertex, and 
X D the axis. 

Or, according to Euclid, a cone is fojrmed by the revolution 

of a right augled triangle about one of its sides, which remains 

fixed : viz. the cone is formed by the revolution of the right* 

.angled triangle b d e about the fixed line d x, the point b de* 

scribing the circular base. 




3. rf the cutting plane pass 
through the vertex of the cone and 
the base, the section will be an 
isosceles triangle, having its sides 
each equal to the slant height of 
the cone, and its base a chord, or 
diameter, of the circular base of 
the couc. 
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Thus if K be the vertex of the cone, the sides b e and d £, of 
the isosceles triangle b b £, are each equal to a £, the slant 
height of the cone ; and b d, the base of the triangle, is a 
chord, or diameter, of the circular base a b c 9 of the cone* 

4. If a cone be cut by a plane 
parallel to the base, (he section 
will be a circle. 

Thus, if the cone a b e, be cut by a 
plane parallel to a b, the section will 
be a circle, ef which c d is the dia- 
meter. 




&. If a cone be cut by a 
plane iaclined to the base, so 
as not to cut the base, the sec- 
tion will be an EllipsU. 

Thus, if the cane a b e be cut by 
a plane inclined to the base, but not 
cutting It, the section will be an ellip- 

and n m the Axis Mw0r, The defini- 
tions of the terms belonging to the ellipsis are given at page ^f 
and the manner of constructing it, at Prub. XXX. p. a^. 

6. If a cone be cut by a plane 
parallel to one of the slant sides, 
the section will be a parabala. 

Thus, |f the cone a b e be cut by a plane 
parallel to the slant side a e, the section 
9 F c will be a parabola, F its vertex, f d 
the axis, and to c its base. The definitions 
of the terms belonging to the parabola are ^ 
^ven at p. 7, and the manner of construct* 
sag it^ at frob. XXXI. p. 23. 




7, If 
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7. If a cone be cut by a plane 
parallel to the axis, or in such a q 
manner that the cutting plane 
may meet the opposite cone, con- 
tinued above the vertex, the sec- 
tion will be an hyperbola. 

Thus, if the cone a b e be cut by a plane 
parallel to the axis £ h, or in such a man* 
ncr as to meet the opposite cone o ? e, the 
section i d l will be an hyperbola, of 
which D is the vertex, d c the transverse 
axis, c the centre, and c the vertex of the 
opposite cone. The definitions ttf the 
terms belonging to th^r hyperbola are given 
at p: 8, and the manner of constructing it, * 
At Prob. XXXIL p. 24. ^ 



Note, Though there be ^\'q different surfaces 
formed by cutting a cone, yet it is customary to 
apply the term Conic Sections only to three of 
these figures; viz. the Ellipsis^ Parabola^ and Hffptr^ 
bola. 

1. OF THE ELLIPSIS. ' 

Some general Properties of the Ellipsism 

1. The sum of two straight lines, drawn from the foci, to 
meet in any point of the curve, are equal to the transverse axis j 
and a straight line drawn from one extremity of the conjugate 
axis to the focus, is equal to half the transverse. 

Viz. F c + c/— A B, and c f ZZ a o, 

2. The distance between the two foci is a in«aQ proportiooal 
between the sum and difference of the transveise and conju* 
fate axii. 

Viz. ab + cd:p/::f/:ab — CD. 

3. Thfe square of the distance of 
the focufi from the centre, is equal 
to the difference of the squares of 
the semi-axes. 



Viz. fo^ 



AG^ — co^ 




D H 



4. The 
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'4. The rectangle of the distance of the focus from each ver« 
texy is equal to the square pf the semi-conjugate. 
' Viz. A F X F B ~ c o:*. 

5. The latus rectum, or double ordinate at the focus, is equal 
to the square of the conjugate divided hj the transverse. 

Viz. (CD* -f- ab) zz L », or AB : CD : : cd : lb. 

6. The squar« of the transverse axis*, is to the square of the 
conjugate ; as the recungle of the two abscissas, is to^ the 
•quare of the ordinate. 

Viz. a b»^ : c d* : : a m x « b : c m* ; hence, if a b — f^ 
cx> zzcf Am ::z x^ mn zz t — ^r, and cm 'zz}', thea t* : c* 

:: * X (' — *) 'Jf and jrrr-y/ x X ('—*)» any three 

of these quantities being given, the fourth may be found from 
this equation. 

.7. The transverse axis is to its 3atu6 rectum, as the rectangle 
of the two abscisjas is to the squa^re of the ordinate. 
Vix. AB:LB::Af»'xmB:c m\ 

S. The square of the semi-transverse is to the rectangle of the 
^ distance of the focus from each vertex, as the rectangle of the 
• two abscissas is to the square of the ordinate. 

Viz. ao* : af X 'b :: Am x»»b : cm*. 

9. The transverse axis is to its conjugate, as the area of a 
circle, whose diameter is the transverse, is to the area of the 
ellipsis. 

10. Every parallelogram, circumscribing an ellipsis, is equal 
to a recungle formed by the transverse and conjugate axes. 

11. llie area of an ellipsis is to the rectangle of its two axes> 
as the area of any circle is to the square of its diameter. 

12. The transverse axis is to the conjugate, as the area of a 
circle, whose diameter is the transverse, is to the area of the 
ellipsis. 

13. The areas of ellipses are to each other, as the rectangles 
of tlieir transverse and conjugate axes. 

14. The square root of the product of the transverse and coii« 
jugate diameters^ will be the diameter of a circle equal in area 
to the ellipsis. 

N9t€» All these properties, and many others^ are 
•demooitrated in Emerson's Conic Sections. 
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PROBLEM XXL 

Tht transterse and conjugate Diameters of an EU^sU 
being given^ Ujind the Area, 

Rule* Multiply the transverse diameter by tb* 
conjugate, and that product by '7854, and the re- 
sult will be the area. 

Example 1. Required the area of an ellipsis, 
whose transverse diameter a B is Gl'S^ and the con- 
jugate c D = 44*4. 

61-6 X 44*4 X '7854 = 2148 •100416. Answer. 

2. The longer diameter of an ellipsis is 50, and 
the shorter 40, what is the area ? Ans. 1 570'8- 

3. The longer diameter of an ellipsis is 70, and 
the shorter 50, what is the area ? . Ans. 2748-9- 

4. Required the area of an ellipsis, whose trans- 
verse diameter is 34, and conjugate 18. 

Ans. 339*2928. 

PROBLEM XXIL 

To Jind the Area of an Elliptical Bing^ . or the Space 
included between the Circuniferaices of two concentric 
and similar Ellipses *• 

Rule. Find the area of each ellipsis, and sub- 
tract the less from the greater, the remainder will be 
the area of the ring. \ 

Or, from the product of the two diameters of the 
greater cHipsis, subtract the product of the two dia- 
meters of the less; the remainder multiplied by 
•7854, will be the area of the ring. 



• It is here supposed, that the difference between the con- 
jugate diameters, is equal to the difference between the trans- 
verse diameters ; but it is well known, that in this case the 
elliptic arcs will not be ryery where equi-distant i the diffierence 
between the semi-transverse, or semi^conjugate diameters, being 
tkc least distance between the arcs. 

* Example 
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Example 1. The trans- 
verse diameter a B of an 
ellipsis is 60, the conju- 
gate c D 47; and the 
transverse diameter e t 
of another ellipsis, hav- 
ing the same centre o, is 
45, and the conjugate 
G H 32 ; required the 
area of the space contained between their circum« 
ferences. 

47 s= c D. 32 = o H. 




: c D. 
60 = A B. 

2820 Product 
1440 



45 = E F, 



160 
128 



1380 Remainder. 



1440 Product. 



Then 1380 X 7854 = 1083*8520 area of the 
ring. 

2. The ellipsis in Gvsxtenor-square measures 840 
links the longest way, and 6l2 the thorlest, within 
the wall ; the wall is 14 inches thick, what quan- 
tity of ground does it enclose, and how much does 
it stand upon ? 

J C The wall encloses 4 acres, roods, 6*013 p. 
^"'' I And stands on 195-6103 yards. 

3. A gentleman has an elliptical fountain in his 
|;arden, whose greater diameter is 30, and less 24 
feet ; and has ordered a walk to be paved round it 
of ^ feet 6 inches in width, with Purbeck stone, at 
4 shillings per square yard, what will the ex* 
pence be ? 

J f The area of the walk is 56l-56l feet. 
^"*' I Expcncc £12 : 9^. 6id. •968. 
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PROBLEM XXIII. 

Civen the Height of an Elliptical Segment^ whose Base 
is parallel to either of the Axes rf the Ellipsis^ and 
the two Axes tojind the Area, 

Rule I. Subtract the height of the segment, 
from that diameter of which it is a part ; multiply 
the remainder by the height of the segmeitt, and 
twice the square root of the product will be the 
choral of a circular segment, having the same 
height. 

2. Find the area of this circular segment by Rule 
11, Problem XVf. 

3. Then as that diameter of the ellipsis, of which 
the height of the segment ib a part, is to the other 
diameter ; so is the circular area, to the elliptical 
area. 

Rule II. Divide the height of the segment by 
that diameter of which it is a part, to three places 
of decimals, find the quotient in the column heighi 
in the table, and take out the corresponding Area 
Seg. (Sec Prob. XVII.) 

Multiply the Area Stg. thus found, and the two 
ax^'s of the ellipsis together, and the result will give 
the area reciuired. 

Example 1 . Suppose the C^ 

longer axis a b of an ellip* 
MS to be 120, the shorter Ny 
axis c D = 40, what is the aI 
area of the segment e» v bii, 
whose base Gmki is parallel 
to the shorter axis, and its 
height 7// B = 4 ? 

By Rvle 1. (a b— »i b) X WB s= (120—4) X 4 
= 464 the square of half the chord of a circuiar 
segment whose height is 4, and \/4tIl^X 2 = 
21-o406o92 X 2 = 43-0813184 the chord of the 
circular segment. 

Then, 




o 




CDKIC SECTIONS.— ^KB KLLIFSXt. 73. 

Tlitn, hy Rule II, Problem XVI. 

y/4()4 -|- 4* :i= 2 1 '9089 chord of half the arc of 
the circular s egment. 

Then 2v/4 3'0813184>* + 4» + Sl-pOSg = ^ 

v/l8o6 -h lb + 21-9089= 1 08-442 1, and 108-4421 
X 4 X <i^ S3 115*67157> area of the circular seg- 
ment. 

Lastly, 120 : 40 :: 115-67157 : 38-55719 the 
area of the elliptic segment g v b h. 

By Rule II. of this Problem. 

4 -r 120 =.,'033 J, the Area Seg. corresponding 
to which is •(K)8033, then -008033 X 120 X 40 = 
38*5584, area of the elliptic segment o v B H. 

2. Suppose the longer axis a b of an ellipsis to 
bi^ 120, the shorter axis c d = 40, what is the area 
cf the segment n c G v, whose base n p v is parallel 
lo the longer axis, and its height p c = 4 ? 

j„, i 195-1958 by Rule I. 
^''*- jl9e-2 by Rule ir. 

S. Required the area of an elliptical segment cut 
off by a chord or double ordinate, parallel to the 
shorter diameter, the height of the segment being 10, 
and the two diameters 35 and 25? 

. ^ f 161-9824 by Rule I. 
^"^^ I 162-02025 by Rule II. 

4. What is the area of an elliptical segment cut 
off by a chord parallel to the longer diameter, the 
height of the segment being 5, and the two diameters 
35 and 25 1 



.^ f 97-8346 by Rule I. 
"^ • 197-845125 by Rule ir. 



5. What is the area of an elliptical segment cut 
off by a chord parallel to the shorter diameter, the 
height being 20, and (he two diameters 70 and 50? 



^,,j. f 647-9297 by Rule I. 
"*"*• 1648-081 by Rule II. 



h PRO- 



74f ItENSURATIOV OP SUPSaFICIBS. 

PROBLEM XXIV. 

Given the two Diatnettrs of an Ellipsis iojind the 

Circumference* 

RuLB I. Multipl}^ the sum of the two diameters 
by l'5708y ami the product will be the circumfer- 
ence ; near enough for most practical purposes* 

Rule TL To half the sum of the two diameters 
add the square root of half the sum of their squares; 
multiply this last sum by 1*5708, and the product 
will be the circumference, very nearly. 

Rule III. Divide the square of the conjugate 
lixis by the square of the transverse, and subtract 
the quotient from an unit, call the remainder d^ 
Find the value of the following series *• 

/ d , . , 3d ... 3*5 rf 

S'8 ^ ' ^ Ki'lO ^ ^ ^ 12-12 • ^ ^ ^ 

ITTT ' ^""^ + T6-16 "* ^"^' ^V Multiply 
the value of this series by the transverse axis, and 
that product by 3*l4i6\ and the result will give the 
circumference of the ellipsis. 

Example 1 . The two diameters of an ellipsis are 
24 and 18, what is the circumference? 

By Rule I. 
(24 + 18) X 1-5708 = 65-9736 the circumfcr^ 
tucei nearly. 

By Rule 11. 

i (24 + 1 8) + s/T^Srr^) = 21 + v/JSm 
ess 42*2132034, which multiplied by 1*5708, gives 
66*3085 the circumference. 

* HoUiday's Fluxion«t Prob. X. p. ft7a. 
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% Rule III. 
1 -(18» ^ 24*) « l-**5625 « -4375 = A 

The second term (a) = -^ = -IQ^S 

*'* 

3 <f 
The third term (b) sa± — a = '00^2 

4"4 

The fourth term (c) = 2^ b « *00lS3l 

6*6 

The fifth term (d) a= ~-. c = •000^ 
The sixth term (k) == ^^^ » = "000108 

The seventh term (f) = £ = •OtXWS? 

r*>. . • , . . K 11-13 rf 

The ej^hth term (a) = ■ f=='QQ001(I 



14-W 



Sum •120523 



Then 1 — -120523 = •879477 value of the series 
hence -879477 X 24 X 3-1416 = 66*31115 the 
circumference of the ellipsis. 

3. What is the circumference of an ellipsis whost 
transverse axis is 50, and conjugate 40 yards? 

.^ C 141-372 by Rule I. 
^^- 1 141-8069948 by Rule IL 

3. The longer diameter of an ellipsis is 70, and 
the «hortcr 50, what is the circumference? 

j^. 5 188-496 by Rule I. 
^""^ 1 189796 by Rule IL 
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PROBLEM XXV. 

Any t^Tttaf the four foUowiftg ^tumtifiei being gketg 
to Jind the fourth ; viz. an Ordinate^ and its Ab* 
icisse^^y and the two Axes *• 

CASE !• , 

When the trawpverse, conjugate^ and abmisas are 
given^ tofnd the ordinate. 

RuX.fi* The tmnsverse is to the conjugate, as the 
square root of the rectangle of the two abscissas is 
to the ordinate. 

Example U In the ellipsis a D b c* the trans- 
verse diameter a b ss 120, the conjugate c d as 40, 
and tlie abscissa m b as 4, what is the length of the 
ordinate o m ? ^_^___ 

120 : 40 :: v^lt6 X 4 : 7'1802 the ordinate 

2. When the transverse axis is 80, the conjugate 
60, and the abscissa l6, what is the length of the 
ordinate ? Ans, 24« 

CASE IT. 

When the transverse axis^ eonjugatCy and ordinate^ 
are given to Jind the abscissas. 

Rule. From the square of the conjugate axis 
subtract four times the square of the ordinate, and 
'eat tract the square root of th^ remainder. 

Then, the conjugate axis is to the transverse, as 
half the dforesaid square root is to the distance iof 
the ordinate from the centre of the ellipsis : this 
distance, added to half the transverse axis, gives the 
greater abscissa, -and subtracted from it, leaves the 
less* 

* The four following rules are all deduced from the 6th pro* 
[^e^ty of the ellipsis, p. 69, viz. /* : f* :: * X ('— *) - jr. 

Example 
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Example !• When the transverse axis a a, of ti^ 
ellipsis A D B c, is 5Q, the conjugate c d 26, and the 
ordinate cm 12, what arc the two abscissas Am 
and Bw? 

y/c6* — (12* X 4) == -\/loo = 10, then 26 : 
52 t: 5 : 10 = om the distance of the ordinate 
from the centre o of the ellipsis, then 26 + 10 == 
*o5 = Am, and 26—10= l6 = bw/ 

2, When the transverse axis is 80, the conjugate 
60, and the ordinate 24; what are the two ab- 
scissas? jins, 64 and l6« 

CASE III. 

JVhen the conjugate axis^ ordinate^ and ahseissaSf aft 
given^ to find the transverse. 

Rdlb. Find the square root of the difference of 
the squares of the semi-conjugate axis and the ordi- 
nate, which add to the semi-conjugate, if the less 
Abscissa be given, but subtract it if the greater sk^* 
scissa be given. 

Then, the square pf the ordinate is to the rectangle 
of the conjugate axis and the abscissa ; as the sum^ 
or difference found above, is to the transverse re- 
quired. 

Example 1. In the ellipsis a p b c there are glveft 
the conjugate axis c d = 26, the ordinate om=:s J2» 
and the less abscissa B m = l6, required the trans* 
verse axis a b. 



v/l3* — 12* = \/25 = 5, then 13 + 5 = 18^ 
sum* 

Then 12* : 26 X l6 :: 18 : 52 , the transverse 
axis A B. ' 

2. If the conjugate axis be 60, the ordinate 24^ 
and the greater abscissa 64 ; what is the length of 
the transverse axis } Ans^. 80«. 

CASl IV. 

When the transverse axis^ ordinate^ and alfseissas^ are 
giten to find the conjugate axis. 

RuLft. The square root of the product of the 

s 3 v^^ 
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two abscissas is to the ordinate, as the transverse axis 
is to the conjugate. 

Example 1. In the ellipsis a d b c, there are given 
the transverse axis a b = 120, the ordinate g m =^ 
l6, and the abscissa m B c= 24, to find the conju- 
gate axis CD, 

120 — 24 = .96 the abscissa a m. 

Then y^yt) X 24 : l6 :: 120 : 40 = c l> thii 
conjugate axis. 

2. If the transverse axis be SO, the greater ab« 
scissa 64, and the ordinate 24; what is the length 
•f the conjugate axis ? An^ 60« 



5. OF.TBB.J>rAIlABOLA« 

Some g€neral Propefiiea of the Parahoku 

^ j|p The distance from the focus to any point in the corTe^ ii 
ejCTal to the perpendicular distance of that point from th« 
directrix. 

' Thus^ if F be the focus t p the directrix^ and b 9mj point ia 
the curve, then f h — h t. 

2. The vertex of the parabola is 
equidistant from the focus and the 
dire6lrix. 

Viz. f o ^ "0 p, where o is the 
vertex. 

3. The distance of the focus from 
the vertex, is e^ual to one- fourth of 
tiie latui rectam. 

Viz. F =Z } of L R. 



. 4* The square of any ordinate to the axis, is equal to the ree* 
tsin^e of the latus rectum, an4 the abscissa to that ordinate. 

Via. c G^ rz L R X OG. 

Hence, if * r= any abscissa, y its ordinate, and f the para* 
meter or latus rectum, then jp" zzp x, any two of which being 
given, the third is easily found. 

5. The abscissas are to each other, as the squares of their 

ordinatfs. 

Vis. • m : • g : : b m* : c c\ 

<6. The 
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6. The latus reetum is to the sum of any two ordmatet, a» 
tKe difference of thcdc ordinates is to tiie difference between 
their abscissas. 

Viz. LR : CO +H« :: cg — h» ."^oc — om, 

7. AH parabolas are similar to each other, and any two para- 
bolas, liaving equal parameters and abscissas, are equal to each 
other. 

8. The area of a parabola is equal to 7 of the area of its cir- 
cumscribing parallelogram* 

9. The distance of the focus from the vertex, is equal to the 
square of «ny ordinate divided by four times its abscissa. 

Viz. OF = cc* -4-400. 

to. The latut rectum is equal to the square of any ordinate 
divided by its abscissa. 

Vjz. t r = c c* 4- o o. 

• Note, The preceding, and various other proper- 
ties of the parabola^ aie demonstrated in Emet son's 
Couic Sections. 

PROBLEM XXVI/ 

To find the Area of a Parabola^ its Base^ and Hdghi 

being given* 

RuLK. Multiply the base by the height, and f 
of -the product wilt be the area. 

Example 1. If the base a b, or greatest double 
ordinate of a parabola a o b, be 53*75, and the ab- 
scissa D o, or height of the parabola be 39*2^> what 
is the area ? • 

(a B X D o) X f = (5375 X 3S-25) X ^ r^ 
14<j6'4583, the area required. 

2. What is the area of a parabola, whose height 
or abscissa is 10 ; and the base, or double ordinate, 
16 ? Ans. 106|i 

■ * Any double ordinate a a or c B of a parabola may be called 
the base, and the axis o d, or any part of it o c, the height.; 
hence the base b aoy double ordiaate, a&d the height is an ab- 
KitM to that double ordinate. 

B4 &. 1X%^ 
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3. Required the area of a parabola, whose has**, 
6r double ordinate, is 38, and the height or ab- 
scissa, 12 ? Alls. 3a*. 

PROBLEM XXVir. 

To find the Area of the Zone of a Parabola^ or of the 
tipace included betwien two parallel double Ordi^ 
nates. 

Rule*. If the two double ordinatts, their dis^ 
tance^ and the altitude of the whole parabola be gircfi ; 
tind the area of the Mrhole parabola, and also uf the 
upper segment, the difference will be the area of 
the zone. 

But if the two dtmble ordinates^ and their distance 
onhf, be given. To the sum of the squares of the 
two double ordinates, add their product, divide tha 
result by the sum of the two double ordinates, the 
quotient multiplied by j of the altitude of the zone 
will give the area* 

Example J . In the parabolic zone a B i h, tber^^ 
are given the double ordinate a b = JO, the double 
ordinate Ui = 6, their distance d m s=s 4, aiMi the 



♦ The first part of the Rule is self-evident By the 5di pro. 
perty, p. 78, d.o : wo : : ad* : h w; now. If o riz a b the 
greater double ordinate, d zz n i the less, and vrnzza their 
distance, then do : mo i J d* : I </*, or do : wo « J d* 5 
d^f and by division, (Euclid 17 of V,) do — wo : »o »t 
D* — ^ : </», viz. w 5 w ; ! D* — <f* ; i/», or tf : w o ? « 
j>i^^ : </», hence mo zz ad* -^ (i* — </^), consequently 

ad^ / ad*' \ - 

ad* 
area of the whole parabola a o b, and J X ' ^ ^ X y — *"■ 

p3 — ^ 

of the segment hoi, their diflfcrencc ^i ' ^^ ^i ^ s ^ — 

t,* ^jid + d* ^ a ^ ^ ^ „ea of the fcne a R x b, wkicb 

D + d * 

h the njlc , . , • 

altitude 
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altitude D o of the whole parabola = 6*25, required 
the area. 

(10 X 6*25) X I = 41 1 area of the parabola a o B^ 
(6 X 2*25) X I = 9 area of the segmeot H o i. 

Difference = 32|. area of tjie zone a h 1 3* * 
. . .— 

When the alHlude i>Oyif tiepMt (^ the yaraMa^ 
is nqt given. . , ^ 

cs 32| area as abjove«> 

£• Suppose the double ordinate c e of this zone- 
C £ I H to be 25*298, h i = l6, and their distance 
« 971 =7 9^ what is the area of the zone ? Ans* 1 88*5)8^ 

3, Suppose the double ordinate a b = 24r, c e =r 
f 0, and their distance d g :=r 5*5, what is the area 
of the zone a b e c ? Ans* 121 j.* 

PROBLEM XXVIIL 

To find the length of any Arc of a Faraboliiy ad &ff 

by a dovJblt Ordinate, 

Rt7LE. 1-To the square of the ordinate add f«f 
the square of the abscissa, and the square root of the 
sum will be half the length of the curve nearly* 

2. To the square of the ordinate ^dd | of the 
square of the abscissa, and divide four times this* 
sum by the ordinate; subtract the quotient from' 
nine times^ the half length of the curve found above, 
and 7 of the remainder will be the whole length of 
the curve extremely near ♦. 

<l— — ■ ■ ■■ i» ■ ■■■III - ■ W IM M II I 1 

* This rule is derived from a series which ceases to converge 
iwhen the abscissa exceeds half the ordinate, or when the double 
ordinate exceeds the latus rectum; in such cases it ought not to 
be used. The first part of the rule, which has generally 'been 
given, wiih improper examples as eurcijcs, ii derired ijromlbe 
taine scries* 



$2 MKVSURATION OP SUPERFICIES. 

Example 1* In the parabola b o i, suppose the 
abscissa m o = 2, and its ordinate b m s= 6, what 
is the length of the curve h o i? 

\/hto* +4 mo]* =_v/6* + (f X 2*) ■= 

^1 (108 + l6) = I v/i^3 = 6-429105, half the 
length of the curve nearly *. 

(Bm» + I mo») X ~= 6* + (f X 2*) X 

4 =r 25i ; then (6-429105 X 9) — 25 J =^ 32084167, 
lience | X 32-08416Y == 128336, the length of the 
curve HOI required. 

2. What is the length of the parabolic curve, 
whose abscissa is 3, and ordinate 8? Ans. 17*384^ 

PROBLEM XXIX. 

In a Parabola^ any three of the four foUouing Terwu 
being gvctn^ tiz. any two Ordinates and their two 
Abscissas^ t^Jind a fourth. 

Rule \. 1. Any abscissa is to the square of its 
:€)rdinate, fts any other abseissa is to the square of 
its ordifij^te. 

2. Tlie square root of any abscissa is to its ordi- 
' Bate, as the square root of any other abscissa is to 
«its ordinate. 

Example 1. If the abscissa m o == 9) And the ordi- 

Dftte nm^=^6y what is the ordinate a d, when the 

abscissa do is l6? 
. . m o : H w* :: D o : A d*, viz. 9 2 36 :: l6 ; 64 

the square root of which is 8, the ordinate a d. 

. . Or, Vwi o:Hm:;VDo:AD, viz. 3 i6 : 1 4 : 

8 the ordinate A D. 

2. Required the abscissa corresponding to the 

ordinate 8, that corresponding to the ordinate 6 
>pi"g 9. Ans. 16. 



. * Hence 6'4a9io5 x 2 = laSsSaio the length of the curve 
. mearl/. 

t See the 5th property, p. 78. ' 

* < 3. If 
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%. If the two abscissas be 4r and % and their cor« 
responding ordrnaies 8 and 12 ; any three of thes» 
being given, it is required to find the fourth. 

PROBLEM XXX. 

Qixtn two OrcUnates perpendicular to the Axisj^ani 
their Distance tojind the corresponding Abscissas, 

IluLB. The diflference of the sq.uares of the ordi- 
nates is to their dhtance, as the square of either of 
them is to its corresponding abscissa *r 

Example I. la tlie parabola a o ]», given the or- 
dinate c (> = 5, the. ordinate h m =±= 3, and theiir 
distance om k* 4, to find the two abscissas o a, 
and m o. 

c G* — . H m* : G m :: c o* : o o, viz. 5* — 3* : 
4 :: 5* : fr25 = o a. 

CO* — H m* : o 7» :: urn* : wa, viz. 5* — 3* ; 
4 :: 3* : 2-25== mo. 

lience the two al)scissas are 6'^S and 2*25. Ans*^ 

2. If the greater ordinate of a parabola be 10, 
the less 6, and their distance 6 ; what are the two 
abscissas ? Ans. 9*375 and 3'375ir 

3. OF THB HYfEBBOLA. 

Some general Properties of the Ht/perdola, 

1. The difference between any rwo straight lines, drawn {r%m 
the foci to any point in the curve, is equal to the trantverse ax'if^ 
or axis major. 

Vis. /p «— V p z: a b the axis major. 

2. The two foci are equidistant from the centre of the hyper* 
bola. 

Viz. /o — f o, where o is the centre. 

3. The square of the distance of the focus from the centre, is 
equal to the sum of ihe squares of the semi«trausverse and 
seiDi-conj.ugate. 

* This Rule follows from the demoastrauon of the rule to 
Problem XXVIL 

« i Vi». 
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7. The iquaie of the iransTcrte nis it to the square of the 
xonjugite, u Ihe rectangle of the disiance of the ordinate fram- 
each lertex i< to the square of the oidinatf. 

Via. it B> I c i^ : : E .1 X I B : t t''. Hence if ( = the 
tranbverae axiit f i: the conjugate, r — the abicitta i a, md 
y ~ Ihe ordinate i f, then will I + x =: the other ibieits*. 
■ *, and ? 1 1» : : K X (' + *) '■ ^ "ny three of these quaolj- 
tiei being given, the fourth may be found.. 

S. If a Btraight line be drawn parallel ta the canjligile aiii* 
to as to meet the lijrmplotei of the curve; the rectangle coi>> 
sained by the legmenu of this line, between the carre and the 
siymptotca, i> equal 10 Ihe square of the semi-cqnjugaie aiii. 

Viz. If OM and O n be the aiymptolei lo the carve T B>,, 
Mm the conjugate ails, and M w n a itraight line parallel to it } 
(hen Hi X • N 1=1 B >^ 

9 If a uraighi line be draorn through the curve, ineellng tli 
iiyieptoteE. ihe parti of this line between the curve and th* 
Hjmptotei, ate equal. 

Vii. ii.T =>(>., and u • ^ H T. 
Jfole. All ihe foregoing properties are 4enioti- 
Bttatetl in Emtrion'i Conic Seetiow. ■• 

2 PRO* 
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PROBLEM XXXI. 

G'iven the transverse Axis of an Hyperbokiy the Covju* 
gatCf and the Abscissa^ to^nd the Area, 

Rule *. 1 . To tke product of the transverse and 
abscissa, add f of the square of the abscissa, and 
multiply the square-root of the sum by 21. 

2« Add 4 times the square-root of the product of 
the transverse and abscissa, to tlic preceding product, 
and divide the sum by 7^ 

3. Divide 4 times the product of the conjugate 
and abscissa by the transverse ; this quotient, mul- 
tiplied by the former quotient, will give the area of 
the hyperbola nearly. 

Example I. In the hyperbola H a R, if the trans- 
verse ^xis A B = 100, the cotijugate c d e=.60,^and 
the abscissa i a = 50, what is the area ? 

First, v/(a b X I a ) + | i l?i x 21 «=^ 

v/(100 X 50) -f- (4 X 50*) X 21 = 82-375447 X 
21 = 1729'88 4387. 

Second f 4 ^a b X i a = 4 \/lOO X 50 = 40 

v/5Q = 282-842712, then (282-842712 + 1729-^ 
884387) -7^75=^ 26-83636132 quotient. 

Third, <c D X i a X 4) ^ a b = (60 X 50 
X 4) ^ 100 = 120 quotient, then 26 83636132 X 
120 = 3220*3633584, area of the hyp«rbola H a k^ 
nearly. 

2. Required the area of the hyperbola p a 6, the 
abscissa b a being 10, the transverse axis a b = 30, 
and the conjugate axis c d or mn = 18. Ans, i 5 1*68*. 

3. IVhat is the area of the hyperbola t b s, the 
transverse axis a b being 50, the conjugate axi»^ 
91 B « 30, and the abscissa b w 25 ? Ans. 805'0909. 



* This Rule it Str Isaac Newton^ i ; it is given in R^trtun't 
J^feasuratkn, ad edition, p. '^o%; and demonstrated by Dr. Button^ 
in the quarto edition of ki» Utmrnraiionf^, 376. 

PRO- 
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PROBLEM XXXII. 

To Jind tkt Length rf any Arc of mi HyperMmg 
beginmng at the Vertex. 

Rule ^. 1* Divide the square of the conjfigate 
axis by the transvcrsey and the quotient will give the 
latus rectum or param^er f. 

S. To 19 times the transverse axis, add 21 times 
the parameter, and multiply the sum by the ab^ 
scissa. 

Again, To 9 tiroes the transverse axis^ add 21 
times the parameter, and multiply the siun by the 
abscissa. 

To each of these products, add 15 times the square 
of the conjugate axis. 

Z> Then the less sum is to the greater, as the ordi- 
nate is to lialf the length of the curve. 

Example 1. In the hyperbola pag, the transverse 
diameter a b = 80, the conjugate c D = 60, the 
ordinate p b = lO, and the abscissa E a = 2*1637^^ 
what is the length of the arc alp? 

Tint, c D* -i- A B = 60* ^ 80 = 45 = LU the 
latus rectum or parameter. 

Second. (19 a b + 21 L r) X e a = (19 X 80) 
+ (21 X 45) X 21637 = 5333-5205. 

(9 A B + 21 L r) X e a = {9 X 80) + (21 X 
45) X 2-1637 = 3602-5605. 

Then 5333 5205 + (15 X 60*) = 59333*5205. 

And 3602^5605 + (15 X 60») = 57602-5605. 

Third. 57602*5605 : 59333*5205 ;: 10: 10-3005 
the length of the are alp, the double of which, via* 
20*601. is the length of the whole curve fl A r 6. 

2. i he transverse diameter a b of the hyperbola 
r A G is 60, tlve conjugate c d 36, the ordinate p £ 



* This Rule is deduced from Dr. HuttorCi Mfitsuratisn, quarts 
tdidon, p. 364. 

i By the 6ch property, p. 84, 

s=24, 
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sc 24, and the abscissa e a = 20, what is the length 
of the curve p l a R » ? Anf, 62*652. 

3. 'The tran&verse axis a b of the hyperbola p a g 
is 30, the conjugate c d 20, the ordinate P e = 
9797959, and the abscissa £ a = 6, what is the 
length of the curve p a o ? Ans. 23*388676. 



PROBLEM XXXIII. 

In an Hjfftrbolay any three ofthefourfoilowmg Terms 
being given, viz. the transverse 9nd conjugate Dia^ 
meters f an Ordinate and its Abscissa, to Jind the 
fourth *. 

CASE !• 

To find the ordinate. 

Rule. The transverse axis is to the conjugate, 
as the square-root of the product of the two ab- 
scissas is to the ordinate. 

Example 1. In the hyperbola h a K, if the trans- 
verse axis A B = 100, the conjugate c D = 60, and 
the abscissa i a = 50, what is the length of the 
ordinate hi? 

I A -f A B = 50 + 100 = 150 == the greater 
abscissa i b. 

Then a b : c i) ; ; ^i a x i b t h i, vii. 100 r 

60 : : v^50 X 150 ; 5i-96i524, the ordinate u i 
requited. 

2. If the transverse axis a b of the hyperbola 
p A 6 be 24, the conj-ugate CD 21, and the ab- 
scissa E A = 8, what is the ordinate p e ? Ans,- 14. 

3« If the transverse axis a B of the hyperbola 
TBS be 120, the abscissa w n = 40, the conjugate 
axis w B n = 72? what is the length of the ordi- 
nate T w f Ans, 48. 

* See the 7th geaeral property, p. 84. . , 

CASE 
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CASE II» 

Tiyfind the two ahscisMU^ 

Rule. To the square of the conjugate axis, aild 
.four times the square of the ordiuate, and extract 
the square-root of the sum. 

Then the conjugate is to the transverse, as half 
the square-root, above found, is to the distance of 
the ordinate from the centre of the hyperbola. 

This distance, added to half the transverse axis,, 
will give the greater abscissa, and thefr diSereuce 
Villi give the less abscissa. 

Example 1. If the transverse axis a b of the hy^ 
perbola p a g be 24>, the conjugate c d 21, and 
the ordinate p £ = 14« what are the two ab* 

scissas? 

y/c D* + 4 PK* = v/^1* + (4 X 14*) =s 

v/l225 = 35, the half = J7*5, then c D t a B : t 
17*5 : E o, viz, 21 : 24 : : 17*5 : 20 =s b o. 

Now E o '^ i a B =: 20 + 12 = 33 the ab» 
fcissa E B. 

And BO — |ab = 20— I2 = 8thc ab^ 
scissa E A. 

2. If the transverse axis a b of the hyperbolae 
T B s be 120, the conjugate m b n = 72,. and the 
ordiuate t w = 43, what are the two abscissas w b. 
and w A ? Jus. w B = 40, and w a =3 i6o« 

3. If the transverse axis a b of the hyperbola. 
F A G be 30, the conj'Ugate eDormAfir=i8, the- 
ordinate p b sss 12, what are the two abscissas b a. 
and B B ? Jm* b a s= 10^ b b = 40^ 

^ CASE III. 

T^Jittd the conjugate axis. 

Rut. is. The square-root of the product of the- 
two abscissas, is to the ordinate as the transverse 
axis iti to tUe conj.ugate axis. 

ExampU 
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Example 1. Thu transverse axis a b of the hy- 
perbola H A K is lOOy the onlinate hi = 51'96l524» 
and the abscissa x B ss 150, what is the conjugate 
c D or m A It f 

I B — A B = 150 — 100 s= 50 the abs cissa i a ; 

\/i BXiA : HI :: ab:cd, viz. v^l50 X 50 
: 51*961524 :; 100 : 60, the conjugate axis c d or 
m A n. 

2. If the transverse axis a b of the hyperbola 
P A o be 60, the ordinate P£ sr^ 24, and the abscissa 
£ A = 20, what is the conjugate axis CD? ^n-u 36* 

3. If the transverse axis a B of the hyperbola 
TBS be 120, the ordinate T w &= 48, and the ab- 
scissa w B as 40, what is the conjugate axis m b n ? 

An$, 72« 

CASE IV* 

Tojind the trannerse axis. 

Rl7LE. To the square of the conjugate axis, add 
four times the square of the ordinate, and extract 
the square*root of the sum ; to which sum add the 
conjugate, if the less abscissa be used ; or subtract 
it, if the greater abscissa be used, and take half the 
result. 

'Then the square of the ordinate is to the half re- 
sult found above, as the product of the conjugate 
and abscissa is to the transverse. 

Example 1. In the hyperbola p a o, the less ab«» 
scissa B A =s 8, its ordinate p e s=s 14, what is the 
transverse a b, if the conjugate m a n or CD 
be 21? 

\/c D» + 4 P li* + C D = y/21* + (4 X 14*) 
4- 21 = 35 + 21 =: 66*, the half of which is 28. 

Then 14* : 28 : : 21 X 8 : 24, the transverse 
axis A B. 

2. In the hyperbola p A o, the greater abscissa 
K B «=: 40, the ordinate P E = 12, the conjugate 
a^is c D s 18r what is the length of the transverse 
axis A B? Atis.<iO., 

3. la 
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3. In [he hyperbola t x s, the less absri^a w i 
■= 40, the ordinate T w =- 48, and ihe con}i^ate 
axis m fi n a= 72, what \t the iraDsvcrte } Aiu. ISO. 

PROBLEM XXXIV. 

To_find the Area qf a Carve by eguufhlaiU Oriuuttei, 
ilie Base htutg divided iiilo aiii/ tten Ifuniiitr ^ 
tqual Parti, 

HuLB *. To the <um of (he lirit and lait orrfi- 
Tiatrsi add i iimn the turn of r)[ iho even onei, and 
twice the mm of a)l the odd ones, rrjccting the fint 
wkI last : ^ of the result, multiplied by the com* 
mon distance of the onlicatcs, will give thu arcs, 
aearly. 

Example 1. Hequired the area of the curved space 
A ZC D, the five e<]uidiitant ordiimtcs being a d ^ 
JO, K F = 11, o B = 14, IK K l6, and b c^ l6| 
the whole base a b = 20. 

At>-fBC-f4X(£i' 
+ is) + (2 X oh) = 
l0+\6 + 4x (11 -f 16) . 
+ (2 X 1*) = 26 + 108 

+ 28 = 162, and ~ X 5 
^ 270 the area required f. 

2. Suppose the quadrant of a circle, whose radlui 
is 1, to be divided into 1 1 eiguidisluiit ordioates, tho 
iirst of ivbicb is 0, the eleventh = 1, the cuumon 
difference between the ordinatcs -^'g t, the second 

• See Afiw'i Gmghig, Dr. Hmiimi'i Miasart^t, qujrto edidoo, 
or EiiMnM'i Diffirmiiai liabud, p. 41, &c. 

+ The are* may be found by Problem VIII, p. 37, tupjioiinj 
«ich of [lie Gguri^s « 1 1 », i c h f, &c. as a trapeioid. 

X ^' t^X I tQ =:A V^'9= 4158899 'h'WnMidordi- 
nitci "r-i^ X I -r's = tV '/i'> = '6 the third ordinite, ftc. 
bj the fTDperty of ih« drcl«> 

•rdinatt 
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•rdinate -4358899, thinl -6, fourth -7141428, fifth 
•8, sixth - •86*66254, seventh •9165151, eighth 
•9539352, ninth '97979^9f-tLnd the tenth -9949874, 
required the area. Ans» 781752. 

3. Given the lengths of 9 equidistant ordinates of 
an irregular figure, viz. 14, 15, I6, 17, 18, 20, 22, 
23, 25 feet, and the common distance 2 feet, re-* 
quired the area i - Ans» 300| feet. 

4. Given the lengths of three equidistant ordinates, 
\iz. A D M 59 B T BB 7f and o ii « 8t also the 
length of the base a « b J0| to find the area of the 
curve A o H D f jlns. 68}. 

5. Given eleven ordinates to an hyperbola, be* 
tween the asymptote and the curve, vJ 2. -fS^ tt» 4t» 
H. 41, 41, 4S, 4f 41 , 41 , 4S ; the whole length of 
the baic of the figure being 1, and the common dis« 
tance of the ordinates -f^ ; to find the area of the 
curve. 

uins. '693150218 leiug nearly equal to thel^ypcr* 
boUc logarithm of 2. 

6. The abscissa of a parabola is 2, and the ba^ 
or double ordinate 12, what is the area? 

Ans. Here tlie middle ordinate, being the ab- 
scissa, is 2, the first and last ordinateis are each 
«s o, and ^e common distance ss 6; hence the 
area » 16. 
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MENSURATION OF SOLIDS. 

1. dOLID bodies arc such as consist of lengthy 
breadtb| and thickness; ab stonei timber^ globetf, 6(C* 

A TABLE OF CUBIC-MEASVEE. 

1728 cubic or solid inches, make 1 solid foot* 

27 • - - , ^^^^ * - 1 - yard. 

l66f • - -' yards - • I - pole. 

64000 • . ^ poles - • 1 - furlong. 

512 - - - furlongs - 1 - mile, 

2. The least solid measure is a cubic inch, «nd 
aill solids are measured by cubes, whose sides are 
inches, feet, yards, &c. ; and the solidity of a body 
is said to be su many cubic inches, feet, yards, 8€C. 
as will fill the same space as the solid, or as tho 
solid will contain. 

3. A cuke is a solid, compre- 
hended by six equal square sur- 
faces, as B. 

4. A Prism is a solid figure, the ends whereof are 
parallel, equal, and similar plane figures, and the 
sides which connect the ends are parallelograms. 

Prisms take particular names from the figure of 
tbeir bases, or ends, viz. triangular, square, rectan- 
gular, pentagonal,, hexagonal, &c. 

^. A 





BSHttrtlATiaH OF BOtIM* 

5. A' parallelo^pedon n a prism I 
boanHed byBixparalle}ogram3,evet^ I 
oppmite two uf whicli are equal, si- 
laitar, and parallel. 

If the bounding pajallclogratns be right-angled, 
and perpendicular to «ucb otber, it Is catted a leo 
tangutar pamlli-lupipedan. 

6. A a/lindrr is formed by tlie revo- 
luliiin of H right-angled para Del ogram ' 
abimt one of its sides, which remains 
fixed, and its bases are two equal ahd 
parallel circles. 

Thui, (he right-angled pkalklogn"' " < d o, 
bf Tctnlving tiavX. the filed Bin c c, will iU> 
fcribc the cylinder a b r ■> and the turn end*, j 
c D and G o, will deKiibc the ciiculac baeci 



7. A pyramid * is a solid, having any 
rectilineal plane figure for its base, and 
its sides are plane triangles, having 
alt tbeir vertices meeiing together iw a 
point above the plane of the base, which 
point of meeting is calW the vertex of 
the pyramid. ] 



8. Tke altitude of a pyramid is a 'Straight line 
drawn from its vertex to the middle of the base. 

ThuscT is the attitude of tbe pyramid AXnvD. 
' g.. Tit tbatt itigit of a pyramid is n straight tine 
drawn frum the vertex to the middle of unc of the 
tides of the busc. 

Thus V o, drawn from the vertex v, to tlic point 
n, the middle uf the side m n of the base, is the 
slant height, 

' * -sne, ilread; defined ic the heginaing ef the ircicle Conic 
may be coniiderid u 1 pjiiiraid, bftvlai 1 tegolai' pol^ 

Libuie Dumbw it m4n tw iu bMC _, 

10. Tit 
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10. TieJhaiwM of a pyramid, 
or of a c(»>e, it that part wbtch 
rcmaiiiB, when the top h cut off by 
» plane parallel to the base. 

A'itt. If ■ pfTuaid, or a cone, bt cat by 
• plane panllcl to iti biKt the lectiaii vill 
be limiUr to the bue; and ibe tectioH will 
the hne will be to eich other) u the 
iqaatei of their diitancei lima the Teites 
•f the pjnmid or cone. {Kdib't Cnmlry, 
Iiu)di3ofX.) 

11. A tetJge ii a solid, having 
a right-angled parallelogram for 
its base, its two bnds being plane 
triangles, and its two opposite 
■ides termiaaling in an edge. j 

Thus, A B £ D is the base, ABC 
and D E s the two ends, and C I 
the edge. 

13. A primuHd ij a solid, 
having for its two ends twc 
right • angled parallelograms, ^^^^ 
parallel to each other, and its ^B^ 
upright sid^ arc four traoe- 
soiAa, 



13. ^(pftere, or globe, isasolid, 
generated by the revolution of a 
semicircircle about its diameter, ^ 
which remains fixed. 





14. The centre of a sphere is a point within th« 
figure, every where equally distant from the coarex 
turfoce. 

15. Tie diameter or axis of a sphere, is a lEraight 
line passing through ihe centre, and terminated at 
each extremity by the surface of the sphere. 

lO. Tie 




.lly distant fro 

17. The ifgmcni of aph< 
off bj a plane If the pla 
tre, it will diviJe the spbi 
or hemiiflieres. 

\^. A circular tpmdle 
is a solid, generated by 
the revolution of a seg- 

Its chord, which remains 
fixed. 

19. A tpheroid is a solid, 
generated by the rtvulutiuii 
of a semi -ellipsis abiiut < 
of its a»is, tvhich 
fixed. 

If the ellipsis revolve round the transverse axis 
A B, the figure is culled a praliUe, or oblong sphe- 
roid ; if the ellipsis revolve rouod the shorter a 
C I, the figuie ii called an t^liite sphet 

30. J Kgmenl o( a. spheroid is a pnrt cut off by a 
plane, parallel to the lunger or shorter axis. 

21. Aa tlHptk ipiodle is a solid, generated by the 
revolution of a segment of an cllipsi: 
or chord. 

21. ApartAoHc 
raboloid, is a snl 
the reviijul 
bola about its a 

Thus, the paraljolic conoid 
A C T D B, i» formed by the re- 
voluiioi) of the semi-parabula 
AC V. abuut its axis vnt. 



formeil by 
i-para' 
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13. An hyperhcd'tc conoid*, or byperboloid, is a, 
(olid formed by the revolution of a serai -hyperbola 
about its greater abscissa, or transverse axis pro- 
duced. 

Thus, the h^-perbolic conoid a c v d b, is formed 
by the revolution of tbe semi -hyperbola a c v, about 
its greater abscissa m E, or tbe transverse axis % v 
produced. 

24. A parabolic, or ktjperboiic tpindle, is a solid 
formed by the revolution ofasi'gment of a parabola, 
or hyperbola, about its double ordinate. 

Thus, if the segment c v d be supposed (o rcs,olve 
about tbe double ordinati.- c d, nhicb remains fixed, 
it will describe a spiudle. 



PROBLEM I. 
Tojad tke Solidity of a 



Cube. 



ItuLC Multiply the side of the cube by itself, 
and that product tis,ain by the side, and the last pro- 
duct will be the solidity required. 

JViM. The suTJiGc of a cube is lii liinet the square of its 
The sid; nf a cube may be found by extracling the cube.roM 

Etample 1. If the side of 
a. cube he 3 inches, wtiat is 
the solidity? 

Hero, 3 X 3 = 9 the 1 
number of square inches in 
tbe square e F c d, or tbe 
number of cubes of 1 inch 
in depth; hence 9 X 3 = 37 
thcnuinburofcubicinchesiu ■ 
tlic whole figure a & c d t f ». 







G 















'^ 



• The figure acvdb U an hyperbola; and ai it dilFers so 
TCTf linlr. In appeanncr, /[Cin the fuibola, balh the dcRnicioni 
«c ttkttti te it. 

2. What 




i 
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5. WIiqIh the solidity of a cubical piece of stons, 
«ach aide being I7'5 inclics? Am. 3'10I49 ft-ct. 

3. What is the solidily of a cube, whose bide a 
19 feet 4 inches. 

Am. 7236 feet, 4 iuches, 5 parts, 4 seconds. 

4. A cellar is 10 be dug, whose leiigih, brt'adtb, 
and depth, iirc each 10 fert 4 incheB: how many 
■olid feet does it contain, and what will it coit dijj- 
giug, al 1 stiitling per su]iJ yard ? 

, (The content ii 1103^? feet. 
■*'"■ I Expense ^20 : : lOj'A- 

5. How many thr'je inch cubes may be cut out 
«r a 13 inch cube? Aiis. 64. 

PROBLEM ir. 

Tojnd tht Sulid'dg of a ParalMaplpcdoB. 

Hole. Multiply the length by the breadlh, and 
tliat product by ihe depth, or altitude, and the laat 
jiroduct will be (he solidity. 



Example \. Re- F 
quireJlhesdliitiiy 
-•f Ibe parallplopi- 
- pcdoiiAncDBrn, 
the length a b be- q.1 
iiig 12 ft^et, tlic 

breadth a o 3*5 ._ __ 

feet, and tbicknniS a D 4 feel. 

A a X A o X A D = 15 X 3-5 X 4 =» 168 fcet 
the solidity of llie parallelopi|iedoii. 

S. !f a piece of timber be 25 inches broad, 9 inches 
•devp, and 25 feet long, how many solid feel are con- 
tained therein ? Aiis. 39 liet inches 9 |mrts. 
\. piece of timber be Id inchrs ((]Uiirc at tha 
«nd, and 18 feet luugi bow many solid feet are con- 
t' ' laiued 
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taiDcd^init; and suppose I'W^nt to ciit'off asolid 
toot From oneehUof it, at What dWfSlife tfOra ' t>e 
end must I c'ut it f 



^„„ I The solidity is 28-125 feet. 
'""'I And 7-68 inches li ' " ' 



n length will (ttale 1 (oat. 

'4. If a piece uf^qiiAred'^mber be slots' incbet 
deep, 1 foot 7 iiiches broad, Itbd '46 teet 9 inches 
lobg, how niatiy feet of tiinber are in' tbat piece ; aud 
bow much in length will make a solid foot ? 

■ f ThesoW content is 72^ feet, or 72 feet, 

At*- < ]l'inchea2 parts S second*; 

(and 2-756 inc. in length make I tolid fbot. 



PROBLEM III. 

To find Ike Solidity of a Priam. 

RuLB. Multiply the area of the base, by th« 
pe^peiidicula:: height of the prism, and the product 
-will be the solidity. 

Notf. Theiurface sf apclsm i> equal to the ium of the mt 
•fid two ends, and each of ici il'dei. Or, the circniifereDce of 
the end of tKe lolid, multiplied by (he leOpJi, will gl* e the *f 
right aurface, to which add the arus of the two endl 

Eninp&il. What is the soli 
dity of a pentagonal prism j 
A B C J O I E, whose length b d 
or I E is 15 feet, and each side 
o H, of its re|;iilar end o h r o i 
^r75 feet r 

By the table page 41, if the 
side of a regular pentagon be 1, 
the area will be 17204771 hence 
jl*720477 X 3-75» =, 2419*2 
square feet the area of the end 
o H F o li which, multiplied bv 
15 feet, the length, gives 362'913 
gglid feet, the content of the 
whole figure. 





S. Each side of ibc base of a Iriatigular pri' 
17 inches, and the length 12 feet 5 inches; wHat 
«re the solidity and surface f 

^ f The 5olidily 10-79 feet. 
I Surface 5-1:5089 feet. 

3. A hexagonal prism measures 33 inches across 
the centre of the (nd, from corner to corner, and 
ia 134 inches in length ; required the solidity and 

. fThe solidity 39-48835 fuet. 
^ "' "[Surface 85'2392 feet. 

4. A decagonal prism, or pillar, measures 59 
inches in circumference, and is 30 feet high ; re- 
quired the solidity and surface. 

. f The solidity 40-074 feet. 
■^"^■l Surface 127-6716 feet. 

5. The gallery of a church ia supported by 19 
octagonal prisms of wo:)d, which measure each 4S 
jnchcs in circumference, atid are each 12 feet high ; 
what will be the expense of painting them at l() 
pence per square yard I Jins. £'i. : 7s. : Sf- 

6. A trapezoidal prism of earth, or part of a canal, 
■1 (o be dug, whose perpendicular depth is 10 yards, 
the width at the top 20 yards, at the bottom lb', and 
the length 50 yards, the two ends being cut perpen- 
dicularly dowu ; bow many solid yards of earth are 
contained in this part i Ans. 9000 yards. 

PROBLEM IV. 

To Jiad the Solidit!/ uf a Cylinder •. 

R[;le. Mulljply the area of the base, by the 
pvpeiidicular height of the cylinder, and the'pro- 
duct will be the solidity. 



* Rulei might hecc be inserted for finding ihe wliditir ut 
tuperticiei of ihe ungnlai or bttft of > cylinder, ili. lectlom 
.mmeri ij cuitiog a cjlinder pinllal or oblique Ca the uis, of 
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Nail. To find ilu tiiriiu of a >cylindcr, multiply tbe circa 
hrtatt ef the baK bf the heighl sf the cylinder, >Dd the ^ 
duel will te Ihe upright, orconTCi, lurbce; t* whkb add tw 
the area ef the bue for (he whole curbce. 

Emmpk ]. ^Vhat i« liie solidity 
of a cyliiuler a B c d, whose di..tDt:- 
ter A B is 21-5 inches, and ihe heigbt 
»C 16 feet? The superficial con- 
tent is also required. 

First, Sl-5' X 'ZeSl-iSSS-OSllS 
area of ibe base in square inches. 
Then (36305115 -T- U4) X 16 = 
S63-05115 -~9 = 40-339 cubic feet ^ 
liie solidity required. 

Tojind ihe superfieits. 

21-5 X 314l6 = 675444 the circumference of 
llie base, ihcn 67'5444 X 16 X 12 = 12968-5248 
square inches, the convex surfuice; and 21-5* X 
-7854 X 2 = 726*1023 square incites, double the 
an» of the bato; lastly, ■(I2968-5248 + 726'10S3) 
^ 144 = 13694-6271 -T- 144 = 95-1 feet the whole 
superficies. 

2. If u piece of timber be y6 inches in circum- 
fcrtnce, and 18 feel lung, how roany fi'et of limber 
ate ciintaiiird in it, supposing it to be perfectly 
cylindricaj? Aiu. 91-676 feet. 

3. If a piece of timber, perfectly cylinittica}, h* 
36 incites iu circumference, and 20 feet long, huv 
many aotid feet are cnniaioed therein? 

^»<. 81-74634 feet. 



I. When the i 



eiiii.bMd«< 
I throyih 4* 
4. When ■ 
ii of Ihe cytinder. 
uiehl, tbef ire Ben 
■rill find them full; Ueaicd of in the hr|( 



4. The diftraetpr of ihe base of a cylinder is 2075 
riich<<i, and iu U'liglh 4 Teet 7 inches ; what arc iis 
lulidily itnd burfacc ? 

. CSdlidity 107633 feet. 
■^'"- ISurface 29-593 feet. 

5. I have a rolling stone 44 inches in circumfer' 
ence, and am to cat off 3 cubic ffeet from one end; 
where must ihc seeiion be mude f 

Alls, at 33-61 inches. 

6. A person bespoke an iron rnljer for a garden, 
the outside diameter to he 30 inchei, the ttiicl<neu 
of (he metal 1^ inch, and the length of the roller 
60 inches i now supposing every cubic inch to wi'igU 
4i uunces, what will the whole come lo at 3jd, per 
pouiuir 

fSolidily 4358-57 inches. 

jIm. < Weight 1 157-M514 pounds. 

(.Cost ^15. : 139. : 7d. 



PROBLEM V. 

TofiiJ tie Solidily of a Pyramid. 

BuLE. Multiply the area of the base by one- 
Chiril part of the iicjgbt, and the product will Ue the 
tolidity •. 

Nsle. To find [he tarTice eC i pyramid, mulliply the tliat 
lieithi by hilf the circumrercnci; of the base, and ihe product 
will be ihc lurfice of ihe lidei ; to which itld ihc uc» of the 
kue for the whole juthce. 

The iltHi beigbr of i pyramid ii the perpendicular iJUtante 
from (he lericx to the middle of one of ihe I'ldei; and the per- 
fendiculai height ii a iinight line drawn from the TCctex t9 the 



dicuUr hei;h< beirjg gl 
''"It height being gi»er 



t>ery pyramid is the third of a priim. having the tame 
E and htijht. Euclid 7 of Xll cot. oe /Tnfi'i Gam. 16 of 
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HmX, p. 41), CDtrcipondint 10 the polrgonml bkn, bj- od> af 
(he aides af the bate, and the product will gitcifaodUttact'tf 
(be middle of that lide from <he centre. The Huate of thii i'u- 
tinci, added to the ifuare of tlie peTpcndicDlai hci|hl, wilt|iM 
the iquarc oTthe ilanl height. 

Example 1. Let a B c v be b T 

square pyramid, each siile of the 
base A B biiaf^ IS'5 inclirs, and 
tbc perpendicular height o f =~ 
Ih kcc, required iLe solidity and 
superficies. 

18-5 X 18-3 -= 34.2'35 area of 
the ba^e a b c c, in inches; hence 
(342-25 -j- JW) X (15 -i- 3) =» 
1 l■i^ feer, tb* solidity. 




Tojlnd tht mperfieia. 



y <o n* + o y* « D » the slant heiglit »■ 
v/9-25' + ISO*— 180-24 nearly. 

18*5 X 2 = 37 half tLc circuraference o* iht 
base, wtiicti multiplied by 180-34, gives 66'68-U tot 
the Burt'ucc (>r the sides in inches; hence (6668'88 
+ 342^25) -r 144 = 48*68 feet the whole super- 

2. Each side of the base of a triatiouhn- pyrani^ 
is SI-5 inches, and the perpendicular height 16 feet, 
what are the sulijity and surface? 

. J Solidity 7-41477 feet. 
1 Superficies 44-4]17a fi-et. 

3. Each side of the base of n heptngonsl pyramid 
is 15 inches, and ihu perpendicular height 13'5 feel, 
what are the sulidily and surface I 

. f Solidity 25-55 feet. 
"'"■tSurfoce 650128 foet. 
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4. There is a triangular pyramid, the sides of its 
b^^are 13, 14, anii 15 feet, aiid its altitude 63. feet, 
vit^t is ibe solidity ^ -^ns. 17^4 fe«u 

5. Each side of the base of a liexagonal pyramid 
is 10, Biid the perpendicul^ height 45, what are the 
solidity and superficies? 

, J Solidity 3B97-U43 feel. 

1 Superficies 1634-580328 fc«t. 
€. Required the solidity and surfiice of a square 
pyramid, each side of the base being 3 feet, and the 
perpendicular height 24 feet. 

, f Solidity 72 feet. 
■*"■ I Surface 153-2&08 feet. 
7- A square pyramidal stone, whose slant height 
is 91 feet and each side of its square base SO inchet;, 
is lo be sold at 7s. per selid foot, and the polishing 
of the upright surface will coat 8d. per kmti what 
wil) be iho expcnaa of the stone when fmiahed? 

Ana. £iS. : 15s. : S'd. 

6. The spire of a church is nn octag <iial pyramid 
(built uf atone) each side at the ba),e being 5 feet 
]() inches, and its perpendicular height 45 feeti 
also each side of the cavity, or hollow part, at thq 
base is 4 feet 1 1 inches, and its perpendicular height 
41 feet ; I desire to know how many solid yards of 
^tOBe the spire contains ? 

f Solidity of the whole 246'4-*50g6l4 feet. 
Ans.i The cavity 1595-180393 fuet. 

t And the stone- work 32*19738 yards. 

PROBLEM Vr. 

To Jind the Solidity nf a Cone. 

Ruts. Multiply the area of the base by one- 
third part of the perpendieuhir height, and the pro- 
duct will be the solidity *. 
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Nw. To find tbe iwh<t of ■ cone, multiply the liffiii*- 
fcrcBCe of (be biic of the cone b^ the slini hcrgbt, and bilf ihr 
prixiMct will be the tODVex surface, to which add the area Wf 
iJie bale, and Che inm will be the wbolenirface of Ui( t> 

EgampU 1. The dtametrr « s of 
ihe base of the coiic a b c ia 36'5 
iDcb.es,and the perpendicular height 
c D := l6'5 feft, required the soli- 
dity and au^erficies of the cone. 

26-5' X -7854 = 551'547iJ 
area of the buc in inches. 

(551-54715 X S-5) -«- 14i •=! 
21-066 feet. 



Tojini Me Super/tciet, 




\/4 D» + n c* ■= A c the slant beight ^ 
V^lS- J5' + lys* = ipS-WaS ; then 26-5 X 3-I*lS 
Bs S3-35'24 inches, circumference of the base. 
Again, (83-2524 X l<»-*428) -r2 = 82fi0-41968136 
inches llie convex surface. Lastly, (8260-41968136 
+ 551*54715) -i- 144 = fil'ljl feet, the whole 
■urfitt^e. 

3, The diameter of the base of a cene is tO, anit 
Its perpendicular beight 6a*l; required the solidity 
and superficies. 

. CSolidily 1782*858. 
•*"• i Superficies 1151134076. 

3. What is the solidity of an elliptical cone, the 
greater diameter of his base being 15-2, the lew 10, 
and the perpendicular height S2 ? Ant. 87i'*59i- 

4. What are the solidity and superficies of acntie, 
whose perpendicular height is 10-5 feet, and tha 
•ircumfercDce of ils ba«e 9 feet t 

. y Solidity 33'56093 feet. 
^^- \ Superficief 54-1336 feet. 
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5. What arc the solidity and suporficic!^ of a cone^ 
whose slant height is 32 feet, and the circumference 
tf its base 24 feet } 

J K Solidity 485*4433316 feet^ 
^^'X Surface 429-W804 feet. 

6* What will the painting of a conical church 
spire come to at 8d. per yard; supposing the cir- 
cumference of tlie base to be 64 feet, aud the per- 
pendicular height 1 18 feet ? 

J f Superficies 3789*76 feet. 



PROBLEM VH;. 

Tojind tht Solidity of the Frustum of a PyraniidK 

GENERAL RULE- 

Multiply the areas of the two ends together, and 
to the square root of the product add the two areas ; 

that 



* Suppose A B V to be a pyramid cut by 
a plane c Dy parallel to its base. 
Let D =: A ly a line, or diameter of the 
greater base. 

Let d^zcDt^ similar line of the leas base* 
ib i^ G o, the height of the frustitm. 
A =1 the area of the greater base. 
m ^ the area of the less base. 
Then AG— CO : oo :: co : ov,by 
^-•httilar trtangles» 

Vix. Id — H« * :: jy : {bd^ 



But GO +ov = * + 



bd 




^ X -* = soUdity of the pyramid c o v. 

X — =: toUdity of the pyramid a • v. 



Htaok 
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that dum) multiplied by 6Tie third of the height, gives 
the solidity of any frustum. 



--. / £d a\ / bid^ m\ ad— -tf^ b 
Hence ( x - J — ( — s-. x - 1 = 7- X - 

the solidity of the frustum a b o c. Now sdl timilar plane 

figures are to each other as the squares of their homologous 

A a 
«ides. Therefore a i a : : n^ : <A or -*? z: rr» P^' ^^h of 

these equd to m ; then a ::= av o* ftnd a ^ md*; and muIHpIy- 
Uig theise quailtitiiss together, we get <i a =z m* d* €p% conse- 
quently ^tf A zr m D </. For A and substitute their values 
In the expression for the frustum's solidity, and it becomes 

— ;j — X - == y X - X « = (»* + xx* + ^*) 

D — rf 3 D— « 3 

0<.- X«zi»rD* + aiD</ + «</* X-5 restore the values of 
3 3 

>— A 

A and tf, &€• anfd the rule becomes (a 4* v a a «{- tf) x *f 

3 

which is tht general RmU. 

Corollary i. If the bases be squares, of which d and d are each 

liside, then d* + x><^ + ^» X * is ^^ solidity, and Is the 

3 
second rule. 

C$r, 2. If the bases be circles, of which d and d are dianie* 
Cers, then i>* + b d -^ d\i x ^ X *a6]8 is die solidity. 

Cor, 3. If (he bases be regular polygons, and t represent fh« 
tabular number in Problem X, p. 41, also p a nd d represcht t 

side of each hase, the rule becomes (n* X f + ^d^ t k d*" t 

b t 

+ d»05 X-=:(d* + i><'+^)x- X i&, the solidity, whick 

is Rule lU. 

That the rule f»r finding the superficies of a frustum is true, 
will readily appear^ when inre consider that if the ends be regu- 
lar polygons, the sides will consist of as many trapezoids as 
there arc sides in the polygon 5 and the common height of these 
'trapezoids will be the slant height of the frustum ; and the sum 
«f their parallrl sidesj the imn of the perimcten of the etiUs, 
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UULE II. ' 

If the Ends be Squares* 

To the rectangle (or product) of the sides of the 
two endSy add the sum of their squares ; that sum, 
beins' multiplted into one- third of the frustum's 
height, will give its solidity. 

RULE III. 

If the Ends be regiUar Folygons, 

Add the square of a side of each end of the frus- 
tum, and the product of those sides into one sum ; 
multiply this sum by one-third of the tabular area 
belonging to the polygon (^Problem X, p. 41 ), and 
this product by the height, for the solidity. 

Notu Te find the superficies, multiply half the sum of the 
perimetera of the two ends by the slant height, and the product 
will be the surface of the sides ; to which add the areas of the 
eudf , and the sum will be the whole surface of the frustum. 

The slant height of any frustum, w^ose ends are regular poly- 
gons, is a straight line drawn firom the middle of one side of the 
less end, to the middle of its parallel side at the greater ehj;!. 
And the perpendicular height is a straight line drawn from the 
centre of the less end, to the centre of the greater, ^ence the 
•knt height, and perpendicular height^ are two sides of a rigm- 
angled triangle ; the base of which is e^ual to the difference be- 
tween the radii of the inscribed circles of the two ends of the 
fhutum. This base may always be found, by multiplying the 
difference between a side at each end of the frustmn, by tfa[e ta- 
bular perpendicular t*reblcm X, p. 41. 
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Examfl^. What nre the soli- 
dity and superficies of the trustum 
•f a square pyramid, eacli Aide of 
tJie greater base a b being IS 
inches, each side ef the less base 
D £ = 12 inches, and the per- 
pendicular iiHght oo 18 feet I 



By tie gtatralRuk. 

18 X 18 = 334 inches, area nf the end aiC 
12 X 12 = I41inches, areaof theendoat. 
%/.i%^ X 144 *= 2l6 inches, the mean area. 

Sum = 684 inchet = 4'75 feet. 

Then 475 X (18 -hrZ) = 285 feet the aoliditj. 

% Au^ lU 

(18 X 12) + IS* + 12» = 684 inches = 473 
fret. 

Tlien 4*75 X (18 -r- 3) = 28-5 feet, the lolidity 
at before. * ;. 

Tojfaif iht Saptr/idet. 

18 X 4 = 72, the perimetor of the greater end. 
ti X * '^ 4S, the perimeter of the leu end. 

Sum = IM^^hehalf orwhichis60. 

(IS — 12) X '5. the taba laiT petpenJicular = 1 

= PC , llirn y/p o'+'tTIJ^a^yo, theslanlbeigbt 

= \/ii* X 2j6* = 21(>-(j2083, and 2I6-02083 X 

tt0 = 12<j6l'249d inctKs; to this product add the 

arrat- 
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treas of tJie two ends 324 and 144, and the in bole 
turrace will be 13429*2498 inches, or 93 2dS6 
leet. 

2. What arc thB solidity and superficies- of the 
frustum of a triangular pyramid, each side of the 
greater base bemg 25 inches, each side of the less^ 
base 9 inches, and the length 15 feet ? 

>*«, JSoIidity 13-9977 feet. 
^"'^ "[Surface 65-893933 feet. 

5. What are the solidity ai)d surface of the frus- 
tum of an octagonal p3 ramid, each side of the greater 
base being 9 inches, each side of the less base 5 
inches, and the length 10*5' feet ? 

J I Solidity 17-721 feet. 
'^'^X Surface 52'590223 feet. 

4. If each side of the greater end. of a. piece of 
squared timber be 25 inches, each side of the l^s 
end 9 inches, ai»d the length 20 feet; how* many 
solid feet are contained in it ? 

Am. by Rule 2, 43-10iaf«ct. 

5u If a piece of timber be 32 inches broad; and 
f inches deep, at the greater end ;. ancF 10 inches 
broad, and 6 inches deep, at the less end; how many 
solid feet are contained therein, the length being 18 
feet ? Ans. by the general Rule, 37*331 6 feeU. 

6» A portico is supported by four pillars- of mar- 
bYe, each having eight equal sides,, whose breadth at 
the greater end is 7*5 inches,^ and at the less end 4|^ 
inches,, and their length 12 feet 9 inches ; I desire to 
know bow many solid feet they contain, and what 
they will come to at 12s. lOd. per solid foot ? 

J f Solidity 60-52927823 (ett. 
^"'- "[Expense ^38. -. l6s. : 9|d. 

7* Tn a frustum of a square pyramid^ each side of 
the greater end is 5 feet, each side of the less end 
3 feet, and the height 8 feet; required the height 
and solidity of that pyrntliid of which this frustuta 
is a part. 

j„^S The height is 20 (eet^ see the note, p. 104. 

^**1 The solidity is l6'6| feet. 
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8. If each side of the greater |basc of the frustum 
of A hexagonal pyramid be 13, each side of the leas 
base 8, and ihe length 24, what are the solidity ani 
diiperficies ? 

. f Solidity 7004-412M(S^ 
-*"*• I Superficies 21417042. 

PROBLEM VIII. 
Tojind the SoUdity of the Frustum of a Cone^. 

Rule I* Multiply the areas of the two ends to- 
gether, and to the square-root of the product add 
the two areas ; that sum, multiplied by one-third of 
the height, will be the solidity of the frustum. 

Rule II. To the product of the diameters of th« 
two ends, add the sum of their squares ; this sum, 
multiplied by the height, aad then by *26l8, or one 
third of *7854, the last productfwill be the solidity.^ 

Nitt*: To find the suxface of the frustum of a cone, multiply 
half the sum of the perimeters of the two ends by the tlanc 
height, and the product will be the conTes surface ; to which 
add the areas of the two ends, and the sum will be the whdte 
surface of the frustum. 



* See the Note to Problem VII. page io6. 

. Rules might here be inserted, were they of apy material uie,- 
fpr finding the solidity of the unguUu or boofi of the frustum of a 
.cone, of which thete are four varieties, i. When the axis of 
the section passes through the opposite extremities of two pa- 
rallel diameters of the ends of the frustum, ft. When the aids 
-of the section, drawn from one extremity of a diameter of thie 
less end> cuts the parallel diameter of the greater end, ^oas lo 
make a less angle with that dian^eter, than the opposite side 
of the frustum does. 3. When the axis of the section, driwa 
firomone extremity of a diameter of the less end, to cut the pa- 
rallel diameter of the greater end, is pamllel to tl^e opposite side 
of the fruktuip. 4. When the axis of the section, drawn from 
one extremity of a diameter of the les3 end, cuts the diameter of 
the greater end, so as 10 make a greater angle with that diame* 
ter, than the opposite side of the frustum does. For information 
on these subjects, the learoer ii refened to the large cditioa 9i 

Egample 
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EaampU I. What are the soli- 
dity and superficies of the Trustum 
of a cone, whew greater diameter 
A B in 18 inches, less diameter c b 
9 inchnj and the length c G 14-25 
feet? 



1S> X -7854 =■ 254-4696 inches, aieOs 
of the greater end, 

9" X -TSS* = 63-6174 inches, area 

of th e lew end. ■ 

v/354-469t» X 63 6l74 = 127-2348 inches, the 
mean area. __— ^— 

Sum = 445*3218 inches = 

30925125 fpet. 

Thea 3-0935125 X (ll-SS -r 3) « 14-fi8943 
ftet, the solidity. 

Bjf Kxk II. 

<1S X 9) -f 18* + 9* = 5® squsrc inches = 
3-9375 feet; then, 3-9375 X 14-25 X -26lB == 
14-68949 teet, ttie solidity. 

Tojind the Suptrficiei, 

v/a o* + c c* = a c the slaat height = 
X/Vb* + 171*= 171-0592. 

18 X 3 1416 = 56-'548a circumference of the 
greater end. 

9 X S-1416 s 28-2744 circumference of the 
less end. ' ■ ■ 

Sum c= 14-8232, the half of which is 

42*4116, • 

Then 
• 
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Then 171-0592 X 42*41 16 = 7254-894S6672, tke 
convex surface. 

Area of the greater end = 254*4S96 
Area of the less end = 63*6l74 



Sum = 7572*9813667a 

square inches = 52*59 square feet, the whole su- 
perficies. 

2. If a piece of timber be 9 inches in diameter 
at the less end, 36 inches at the greater end, and 
24 feet long; how many solid feet are contained 
therein ? Jns. 74*2203 feet. 

3. If a piece of timber be 136' inches in circtim* 
iSerence at one end, 32 inches at the other, and 
21 feet long;, how many solid feet are contained 
therein ? An$. 92'348l6 feet«. 



PROBLEM IX- 
To find the Solidity of a Wedge. 

RuLE*^. To twice the length of the base, add* 
the length of the edge; multiply the sum by the- 

breadth^ 

'^ Demonttratum. LetABCDXP (v ]H 

represent a wedge: no^r, when- y^..— —.—.-.•.. iy^^ 

the length of the ed^ c o is • '• •C I / 'yp IL 

equal to the length a e of the / A ^^. / /I yf 

base A B F E, the w dge is eti- ^ /'I//'* I /]y^r 
dently equal to halt a parallelo- -//i] / \ *>//i / 
pipedon abcchdep, ha>- JT^,' I f - — * jf ^ I / 

ing the same base and altitude \.' / / • \ // 

as the wedge; and this will "^\\/ ^ \}/ 

always be true, whether the end p^ " jB 

ABC of the wedge be perpen* 

Ocular to its base a b r a, or inclined as a b i, since paral!el«pU 
pedons, standing on the same base, and between the tame pa^ 
rallcls, are equal to each other, (Euclid 29 of Xi.) But whea 
the edge c d of the wedge is longer or shorter than the bast, bf 
anx quantity J) k or ci| it is evident that the wedge win b« 

greaier 
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^rei&dth of the base, and that product by the per- 
pendicular height of the wedge; and one-sixth of 
the last product will be the solidity. 

^ote. To find the surfoce of a wedge. — ^The l)ase it a right* 
aagled parallelugram, the two ends aro tfiangles, and the two 
sides are parallelograms ; if the areas of each of these he found 
separately, their sum will he the whole surface of the wedge. 

Example I* The perpendicular height o i of a 
wedge is 24*8 inches, the length c K of the edge 
110 inches, the length of the base ax 70 inches, 
and its breadth a b 30 inches ; what is the soli* 
ility? 

(a 1 X 2) + c K = (70 X 2) + 110 == iSOf 
sum. 

Then (250 x 30 X 24*8) -5- 6 =: 31000 cubic 
inches = 17*939S feet, the sulidity. 



i> 1.,^ 



greater or lets than the half paraHelopipedon aforesaid^ by a 
pyraniid whese hase 14 b f o, or a a c, and perpendicular altitude 
» K or CI. Let the length a e of the base of the wedge be 
veprefcnted by l, and the breadth ab by b; call the length of 
riie edge I, and the perpendicular bright o x, b. Then, the 

solidity ef the wedge will be expressed by — x ^^ or -~ X 

2 2 

nth 
& ZZ ^-^ I when the edge is of the same length as the base t. 

B b 
she solidity of the pyramid a b c 1 will be expressed by — . 

%' 

X ■ ■ when tfce length i » of the edge is less than that of 

the base ; and the solidity of the pyramid Bros wHl be ex* 

9b /— L 
pressed by -^ x ■, when the length of the edge c k is 

* 3 
greater than that of the base. Hence^ + (— X -— i* J 

r= ■■ ' X 9 bftht nile when the edge ss longer than the 
o 

bate, and— ——( — x I = — -i- x^t, the rule 

» V * 3 / ^ 

when the edge it iherter thin the bue. 

2. Se« 
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.2* Required the solrdity of a wedge^ wjiose ^- 
tude is 14.iqches, its edge 21 ii^chfs^ aqdtfa^. lengll^ 
and breadth of its b«se 32 and 4*5 inchf^? 

Am. $92| inches. 

,3*. Required the soliility of a wedge, wlipsq atti- 
tude is 2 feet 4 inches, length of the edge 3 feet 6 
inches, length of the base 5 feet 4 inclies, and breadth 
9 inchei^? Am. '4*231944^ &c. fipet. 

PROBLElNf X, 

To find the Solidity of a Prismoid* 

Ruz,E*w 1. To the gt^atcr length, add. half the 
less length, and multiply the sum by the breadth- ol 
the greater end« 

2vTo 



• Xhrnoitttratkn, The priimoid U evideotlv compoatd of twq 
wtdgety whoie bMei are eoutl te the baMt of the priamoidy u^i 
their bright equal to the height of the priimoid. Lei l t^oal 
the length of the greater hase a i, which of counc wiU be the 
liBDgUi of th« edge of the less wedge; / equal the length of th« 
less base e r, or the edge of the greater wedge : 8 the breadth 
of the greater base a c, ^ the breadth of the less base x Cy and k 
the comnon height. Then the solidity of the wedgey. whose 

2 L -4* / 

base is a b o c, will be expressed by ■ ■■ X b ^ and the 

o 

% I "4" L 

ceiidity of the wedge whose base is efbg by X^b\ 

hence the solidity of the whole prismoid will be ^ X s^t 



4. . 7 X^^=:l4.- X a; 4./+.-x^{ X -»whMa| 
2 Z % 

is the rule* exactly* 

This Rule is demonstrated Section II. Prob. XIV, of Emttm 

SOH*t Fluxionsy and in a similar manner at p. 179, secofid e4itioa« 

of Simp»H*i Fluxioas, also in ItoIluUfs Fluxions, p. 302. 

Note. If ■ zi M. and — U- zz at. the above Rule be- 

2 2 

comes BL + ^/ + 4i^M> X r* tl^t is^ (9 tie siim of tbt ^rt^ 
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2* To the less length, add half the gireaterlengthy 
and multiply the sum . by the breadtn of the le«s 
end. 

3. Add the two preceding, product9togeth€i', and 
multiply the sum by one-third part of the heighti 
and the result will be the solidity. 

Nkte, The surfSice of a prismoid may be obtained by adding 
the areas of iti four tides and two ends- into 0110 sum } and thcce 
coMist of trapezoids aadpamilelognuaBa. 

Example \» Let abcvetgh A 
be a prismoid, the length a b 
of the greater end being 38 
inches, and its breadth a c I6 
inches ; the length g h of the 
less end 30 inches^ and it» 
breadth o £ 1^ inches; wha( 
is the solidity, if the perpeiidi- 
. cular height be 6 feet f 

(A 9 + f o h) X A c = (3« -I- 15) X 16 s;" a^B. 
(o<ir + t A b) X G E == (30 + 19} X 12 s: 588« 

Sum « 143(). 

Then 1436 X (72 -f- 3) = 3U64 cubic inclies 
■B 19^941 feet, the solidity, 

2. One end of a prismoid is a square, each side 
of which is 13; the other, a right-angled parallel* 
ogram, whose length is 12, and breadth 5 ; what is 
the solidity, the perpendicular height being 20? 

rf ibt two tmlSf add four times the area of a section parallei to, and 
ifualiy distatU ftn^y hotb ends ; tbii laxt sump tmhifkid into.onp'Wrtb 
Pftbe beivbt, will give the solidity. 

It is shewn, in Proposition III, p. 456, Part IV, of Dr. Hutton*» 
MtnsuratlWf quarto edition, that this last Hule is true, for all 
ftuacums whaterer, aad far aU tolida wboae paraUel siSQtions are 
similar ^ures. And Mf. A/tts, in his Ganfing^ P«^ <75* ^^i^^ 
•diti«a, says, that it ii wmri^ Hue* kt th^ form of tha aolid be 
what it m'HL 

3. la 
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3. In the neighbourhood ot Newcasile^ and in (fir 
county of Durham f the coals are carried from the 
mines on an iron rail-way, in a kind of waggon> Irt 
the form of a prismoid. The lengtlf at the top ir 
generally about 6 feet 9i inehes, and breadth 4' feet 
7 inches ; at the bottom the length is 3 feet 5 inches^ 
and breadth ^ feet 5| inches ; and the perpend iculajr 
depth 3 feet 1 1| inches. Required* the soltdit;^^ 

Jns.. 126340' 59375 cubic inches**: 73-U376 feet*. 

4. How many gallons of water^ reckoning 282' 
cubic inches to a gallon^ are contained in a canal 
304 feet by 20 at top ^300 feet by 16' at bottotn^ atidb 
6 feet deep I Am, 1065(^0*6383 gallons.. 

PROBLEM XI. 

Tojind the Solidity of a Cylindroid; or tik FrUitum 

^ an elliptical Concur 

RULE iv 

1 . To the longer diameter of the greater end^add' 
half the longer diameter of the less end, and muU 
tiply the sum. by the shorter diameter of the greater 
end, 

2. To the longer diameter of the les^ end, adc} 
half the longer diameter of the greater end, and mul» 
tiply the sum by the shorter diameter of the lesa 
end. 

3. Add. the two preceding products togetheri and 
multiply the sum by *26l8 (one*third of '7854), an4 
then by the height, the last product will be the 
solidity. - 

RuLB 11^. To the sum of the areas of the tw» 
•ndSy add four times the area of a section* parallel 

to, 

* The first itule» which is the tame t% thajt*given for the prii. 
iioi4» was introduced into this work h|^Mr* Hawne^^ from Smt^ 
fordU Gm^r^» It is» in reaitty, the tame as the second Fule» 
vhea ue middle section between the two ends, is timilar to tlic 

tw^ 
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*•, and equally distent from, both ends ; tlie last 
aum, multiplied by one-sixth of the height, will ^v« 
the wlidity. 

Examj^e 1. Let a b C d be « 
cyiindnrid, the botlom end of 
TThich is an vlHpiii,. whose two 
dianietcis are44 and 14 inch(^, 
- the lop end a circlO) whoge dia- 
meter is 36 inches ; if the cylin- 
4lroid be 9 feet high, wbu is it 
solidly j 



By RuU I. 

(4B + 4cd) X •h = (44 + 13) KI4 = 
(.C D + J A B) X M P = (26 + 22) X 126 = 




Then (2046 -. 
feet, tb« tuliiliiy. 



6itm = 3046 
. 144) X •a6l8 X 9 = 33'477673 



two tail; hut Mr. Mm kit ibcwn. in Freb. VI. Siit. VIIC. 
ef hit GaaiiKg, ihat the middle lectioa cui neTcrbe id ellipiii, 
er iimilir to ihe two cad), unlu) the pinllel eodi b< linitu 
cllipiei, *ii. the triniTCtK ind loojugice diiRKteo it each tot . 
leapeciively pinllel to each olhei, and thit circunutancs caa 
never luppen, hut when the loUd Is the Iruiiijin of aa clliptictl 
MDc. The Rale therervte i> only an apprmimilioD, aad not 
ibictlj tn», when applied to a figure in «hkh ooe col U cih 
xulv and the other eUip tiut, at ia Exanjle i. 
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By RuU XL 

26* X •7S54f = 530^04 

area of the less end* 

44 X 14 X *7SS4 = 485f80fi4 

area pf the greater end* 

44 -f 2€ 14 + 26 

— ^ X — ^ X -7854 X 4 = 2199-12 
2 2 

4 times the area of the middle flection *• — «— _* 



Sum 8 3213^8561 
square inches* ■ 

Then (3213-8568 -e- 144) X (9 -f- 6) = 33*477675 
feet, the solidity as before. 

2. The transverse diameter of the greater base of 
a cylindroid is 13, conjugate 8; the transverse dia* 
meter pf the less base 10, and its conjugate 5*2* 
If the Ijength of the cylindroid be 120, what is the 
«olidity* Jns. 12a3*2328. 

3* I desire to know what quantity of water an 
elliptical bath will hold, the longer diameter at the 
top being 12 feet, and shorter 7 > the longer dia- 
meter at the bottom 10 feet, and the shorter 6 feet ; 
and the depth 4 feet ; reckoning 282 cubic inches 
to a gallon ? Jns. 1379*6303 gallons* 

PROBLEM XII. 

Tojind the Solidity of a Sphert or Ohbe. 

Rule I. Multiply the cube of the diameter by 
,*5236, and the product will be the solidity f. 

* Half the turn of a b and c > is 35, the greater diameter of 
the middle section : and half the sum of o h and m p is aQ» 
the less diameter. Supposing this section to be an ellipsis, four 
times its area will be as above; but if the section be any other 
curve, this area will not be perfectly correct, and, of course, the 
solidity will be incorrect likewise. 

f The solidity of a sphere is two-thirds of the solidity of its 
•iicumscribing cylinder. iCfir^j Gtonu ax of X. 

RULE 
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R\rLB II. Multiply the diameter of the sphere 
by its circumference, and the product will be the 
convex superficies * ; and if this superficies, be mul-. 
trpiied by one-sixth part of the diameter, the result 
'Will be the sdlidity. 

Example 1* What is the solidity of a globe, whose 
'diatafeter ab is 20 inches? 

Bjf RuleL 

A B» X •5236 = 201 X ^5236 = 4188*8 cubic 
inches as 2*424 feet, the solidity. 

By Rule IL 

A B X 3*1416 = 20 X 3-1416 
= 62*832 inches, the circumfer- 
ence of the sphere ; and 62*832 X \ 
A B a: 62*832 X 20 = 1256-64 
square inches, the convex super- 
ficies* 

Hence 1256-64 x i a B = 1256-64 X ^ = 

o 

4188*8 cubic inches, the solidity as before. 

2. The diameter of the earth is 7970 miles, what 
isjts surface iu square miles, and solidity in cubip 
miles? 

J C Surface 199557259*44 miles. 
-*"*• I Solidity 265078559622-8 miles. 

3. The circumference of a sphere is 1, what are 
its solidity and superficies ? 

J f Solidity •0168868. 
'^^'^ \ Superficies •3183099. 

* The curve surface ef a sphere, or of any sone or ttgneat 
thereof, is e^ual to the curve surface of a cylinder, of the sane 
height, whea the diameter of the base of the cylinder is equal 
to the diameter of the sphere. Therefore, if the circumference 
of the sphere be multiplied by the height of the tone or seg- 
nent, the product will be tne cunre surface of such sooe or 
segment. 

4. What 
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4. Wiiat are the solid and saperficial contents •f 
« globe, whose diameter is SO? 

. ^ f Solidity 14137*^* 
^"'^ 1 Superficies 2827*44. 

5. The circamference of a globe is 50*3, what are 
its solidity and superficies ? 

. , f Solidity 2 1 49H)7372«. 
X Superficies 805*3327- 
€, A globe, a cube, a cylinder, * Vis. 3*14lS 
AW three in s^irface equal are*, each* 

In solidity what do they differ? 
Jps* The solidity of the globe is *523S, ths cube 
•378877, and cylinder •4^75176*; so that of all so* 
. lids, under the same superficies, tU» globe is the 
greatest* 

PROBLEM XIII. 
Tojind the Solidity of the Segment of a SphtrCm 

Rule 1 '• From three times the diameter ofthe 
sphere, subtract twice the height of the segment; 

multiply 

* Demonstratkn, Let Acm repreient a trian^lur pymud» 
«rhoie side m a is infinitely small The sphere may be consi- 
dered to he constituted af an infinite number of such pymnidi 
A c IT, If c r, &c. whose bases compose the spherical tur^ice, 
and their altitudes are equal to the radius of the sphere, the 
common vertex being the centre c 

Hence it followsi that the solidity of the sphere, or any secfof 
thereof, is equal to a pyramid, the area of whose base is equal to 
the spherical surface, and its height equal to the radiut of tht 
sphere. 

Let o >, the height of the segment a > b, be represented by 
bf and the diameter ii k by n. Then the circumference ofthe 
sphere will be 3*1416 >, and the surface of the segment (see 
the Note to Frob. XU. page 119), 3*1416 o b. Also the soli* 
dity of the spherical sector acid will be 3*1416 ^b x i e» 
rr 3*1416 ^ b X J » = '5136 D* b 

By Note S, p. 47, e e x o d ri a o*, viz. (d -* fc) X b^ 
Ao*j but AC* X 3'i4x6x |oc = (d — *) x ^^ X 3*I4li 

X T (;"-"0 ^ (a — *) X * X -S^S* X (»-ai&) = 
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multiply the remainder by the square of the height^ 
aricT that product by '5236» the result will be the 
jolidity. 

Rule IL To three times the square of the radius 
of the segment's base, add the square of its height ; 
multiply this sum by the lieight, and the product by 
*5236, the result will be the solidity. 

Evampk K Let a b D o be the segment of a 
sphere, of which the diameter a b of the base is l6 
inches, and the height o D 4 inches, what is the 
solidity? 

Bj/ Rule I. 

By Note 8, p. 47, e o = 
A o* -f- o D = 8* -f. 4 = l6\ 
and BO + o D sst D E = l6 
+ 4 s= 20. 

Then (3d — 2 o d) X 
o D* X '5'236 = (6*0 — 8) X 
4* X 'SQSe = 832 X '5236 
ssz 435*6*352 cubic inches, the 
solidity. 




(d* a — 3 d A^ 4" * ^^) X '5*36, the solidity of the cone a c b. 
Now the ifoiidity of the cone, taken from the solidity of the 
sector, leaves the solidity of the segment, viz. ('5236 d* b) — 
(b» 4 — 3 D (b» + 2 /b3) X -5136 = (3 • F — a b^) X 'S^Z^ 
rr(3D — 2 b) X b^ X '5436, which is the first Rule; and it 
is evident that this Rule will be truei whether the segment be 
greater or less than the hemiiphere^ or whatever be the mag- 
nitude of h, provided it he less than d. 

If r zz A o, the radius v( the segment^s base, then (o — * b) 

r* ^ /,» 
X ^ — r**, therefore 9 IZ ■■■ » ■, for d, in the above Rule, 

(3 y t 4. 3 ^t \ 

X ^* X '5236 =: (3 r» + />t) X 't X 5236* which is the se- 
cond Rule, and l* very - useful when the diameter of the sphere 
if not g veo* 



% 
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% RuU II. . 

(3 A o* + e D*) X o D X '5236 = <]92 ^ l6) 
X 4 X -5236 = 832 X •5236 = 435*6352 cubic 
inches, the solidity as before. 

2. What is the solidity of th« segment of a sphere^ 
ivhose height is 9, and the diameter of its base 
20 ? Ans. 1795*4244. 

3. What is the solidity of tlie segment of a sphere, 
^hosc diameter is 20 feet, ^nd the height of the seg- 
ment 5 feet ? Ans, 654*5 feet. 

4. The diameter of a sphere is 21, what is the 
solidity of a segment thereof, whose height it 
4-5 a Ans. 572-5566. 

5* The diameter of the base of a segment of a 
sphere is 28, and the height of the segment 6*5 ; 
required the jsolidity ? Ans. 2144'992d5* 

PROBLEM XIV. 
Tojind the SoUdity of the Frustum or Zone of a Spien* 

Rule I*. To the sum of the squares of the radii 
ef the two ends, add | of the square of their dis- 

taucc, 

* Demonstration. CaU the height of the greater segment a, 
and the height of the less bi also r the radios of the greater 
base, and r that of the less: then it is evident the diflRcre n cc be* 
tWeen-^he solidities of these two segments will be th e solidity of 

the zone. Hence 3 r» 4- u'' X « X *<^36; — 3 r* + A^ 

X ^ X S^Z^ =r (3 R* H + H»5 — 3 r»/» + i»3) J X '5*3^' 
Put a =r H — ib the breadth of the zone, and p the d iameter of 

the sphere: then, by the property of the circle o — h X hzir% 

*"-** R^ 4- B* 

and D — ^ X i» = r* from the former of these d n " * 

H 

r^ JL. h* R ^ -^ H * 

aad from the latter o zz — -r — > therefore ' ■ ■ r: 

h H 

r* + ht 

«— ^ — -, and ffdm above « rz h — b. Exterminate the valore 

of 
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tance, or the height of Hic Eone ; this sum multiplied . 
by the height of the zone, bud ibe product agolii by 
l-i>708, will give the tolidity. 

Sulk II. Fcr tie tuiidle zone of a ipkert. 

T6 the square of the diaroeter of the eD<), at!J 
two-thirds of the square of the htigbt ; mulliplj 
this Bum by the height, and then by 7854, for the 
solidity. 

Or, from the square of thedianieCer of Che sphere, 
■ubtract one-third of the square of the height of the 
middle lone; multijily tile rcmBiiiiler by the height,' 
and then by-78S4, for the solidity. 

Example 1. Required the 
solidity o/tfae zone of asphere 
X F B c, whose grcatci diame- 
ter s F is 20 iiiclies, less dia- 
meter c D 15 inches, and dis- 
tance between the ends, ar 
height 6 0, lU inches. 

(eo' -h CO*) + } CO* 

100 



, anil the ibete (htotcm (3 b* b ■)■ b>] •« 
T+V): X -5i3«>wiU become ^>> + ri 4- — ^ x « 




X I-J70!. 

^ tmtflhiraJu foa tbrti^h tbi cn'ri, at in the lone irDC, 
dwn «• =— ^ CO* + ••' — r* + B»i hence the litt theo. 
rem bcGomei (f» + | -*) x o X J-i4'6 = U »» — }«*> 

X- X 3Mi6. 

Heoee{r» + 10 x < X 6igj» =r (J d» — J»') x - X 
«-aSta vtf' rr^rtn ite uhJuj of ibt •niiUlt <Kmi c D ■ &, beiiii 
double of ibc former, where a u half the iltimde, and r ^ hi]| 
(he diimeter of each end. Pul A for the whole altitude, and 
^:^%r the djimetet of each end, and the Iheorcmt becAne 

t*+|A^)X*X7»S4 = ("*-***) X*X7»i4- 

9 8 ThcB 
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Then 189-58} X 10 X 1-5708 = 5687*5 X 5236 
c= 2977*975 cubic inches, the solidity required* 

2. Required the solidity of the middle zone 
4 B D c of a sphere, whose diameter ef is 22 inches; 
the top and bottom diameters c d and a B of the 
sone being each l6'97l inches, and the Iieight »o 
14 inrhcs> Jmt. 4603*4^12 inches. 

9. Required the solidity of a zone, whose greater 
' diameter is 12, less diameter 10, and height 2. 

Jw. id5*82£4. 

4. Required the solidity of the middle zone of a 
sphere, whose top and bottom diameters are each 
3 fcety and the height of the zone 4 feet. 

Jns. 61-7848 feet. 

5. Required the solidity of the middle zone of a 
sphere, whose diameter is 5 feet, and the height of 
the zone 4 feet. ^m. 6j*7848 feet. 

PROBLEM XV. 

To find tk€ cofirex Surface of any Segment ^ or Zont, 

of a Sphere. 

Rule. Multiply the circumference of the wivcle 
sphere by the height of the segment, or zone; and 
the product will be the convex surface. 

Example 1. If the diameter of the earth be 7970 
nileiiy the hei^rht of the frigid zone will be 252*361283 
miles; required its surface ? 

Ans. 6318761-107182216 miles. 

d. If the diameter of the earth be 7970 miles, the 
Beiiiht Of the temperate zone will be 2143'6235535 
niks; required Its surface ? 

Ans. 5.3673229*812734532 miles; 

3. If the diameter of the earth be 7970 miles, the 
height of the torrid zone will be 3178*030327 miles; 
required its surface ? Aits, 79573277"600l66504. 

Nidt. 
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^ote. The surfaces of the two frigid J 
zones, by Example i, are - - \ 

The surfaces of the two temperate zones, 7 
by Example 2, are • - - • \ 

The torrid tone, Example 3, is 

Surface of the whole globe, agreeing! ■ 

exactly with Example x, Prob. XII. > 199^57259^0000000 
P««c X19 3 ' ■ 



6318761*1071822x6 
63187^1*1071822x6 

53673229*8 1273453a 
5367322981273453* 
79573277»6ooi66504 



PROBLEM XVI. 
To Jind the Solidity of a circular SpkiSti 

Pule, Find the distance of the chord of the 
generariniT* circular segment from the centre of the 
circle, (Note S» Prob. XII, page 47) »«d also the 
area of this scpmeut {bp Prob. XVII. page 59). 

Thei)» from i 0/ the cube of half the length of the 
epindle^ or half chord of the segment, subtract the 
product of the central distance,* and half the area of 
the se^ent ; the remainder, multiplied by 12*5664^ 
will give the solidity. 

Nta. Tojltid tbt iuptrfiia. Find the distance of tht chord 
•f the geoerating circular segment from the centre of the circle^ 
and the length of the arc of this segment, {Prob, XII. p. 46.) 

Then, from the product of the length of the spindle, or chord 
#f the tegmenta end the rmdiue of the circle, subtract the pro- 
duct of the central distance, and the length of the arc ; the 
Vemaindcr, mu'tiplied by 6*2832, will give the surface reijuired. 



Example 1. The length 
A B of a circular spindle is 
40 inches^ and its greatest, 
or middle, diameter c d 30 
inches; required the solidity 
and buperllcies. 




* See Definition 18, p. 95. 

gS 



Fu^t^ 
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First. A o* ^ o c = F o = 20* -r- 15 = i6} 
{Note 8, Frob. XII. ynge 47), fo + oc = cf = 
26^ + 15 =s 41|, the diameter of the circle ; -| c p 
— oc= EC — oc = 5^ = Bo, ihc caitral 
distcnice* 

Stcond. co-f-CF = 15-7- 4l| = '36 the area 
seg. cornsponding to which is 'io^DoO, ^hich, mul- 
tiplied by the bquarc of 41 §♦ products 44r92708, 
the area of the generating scgmeni a c B, the half ot' 
which is ^20-963.54. 

T/iisfi^ : {t03 -7- 3) — (5 J X 220-96354) = 
1377*71268, which, multiplied by 12'5664, produces 
•ir3i2-88862 cubicthichas, the solidity. 

Tojlnd Ike Superfidet^ 

First. The centre di stance e o as 5J, asabove* 

. \/a o* + o c* = \/20» +. ,15*^^ =±r \/025 = 25 
=? A Cy the chord of half th^ arc A c b. . 
\ 0^5 X 8) — 40 == ;&> and J.60 rf- 3 ss 5Sf 
length of the arc a c Bi 

AVco/ic/. (40 X 20-J) — (5 1 X 53^) = 5J5S, 
which,' multiplied by 6^2882, produced ~328i-22&, 
the superficies irequired. 

2. What are the solidity and superficies of a cir» 
cular spindle, the length a b being 48, and thfl 
jijiddle diameter c D 36? * . 

. f Solidity « 29916-671* 

^^'- I Superficies = 4724-9664. 

• • 

PROBLEM XVir. 

To Jind the Solidity of the middle Frustum^ or ZoH, 
'. of a circular Spindlem 

\ Rule 1^ J-ina n.v. .iu*.,«.,|, ^f jjje centre of the 
tnlddic frustutn, from the centre of ttie cutiv, «m ;«> 
Problem XVI. 

2. Hnd the area of a segment of a circle, the 
chord of which is equal to the length of the irus« 
turn, and height half the difference between its 

greatest 
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){realest anil least diameters; to which add the rtc- 
lajiglc of the length of the frustum and half its least 
itiunicter; the result will be the generating sur- 

3. From the square of the radius, subtract ibe 
square of ihe central dislancc, the sqiiarc-root of 
the remainder will givu half llic length u( ihc 
spindle. 

■1. From the square of half (he length of the 
fijiiiidlc, lake J of the sfjunre of half ihe length iif 
tiio miildie frusliira and multiply lite reraainjir by 
the said half lengil 

Jlul piy the cent al d s ance by the general s, 
surface a d subtract th s prod ct f om the p 
Ceding the re nd nder mult pi e I by () 233" U 
give the sol I (y 

Example I U hat a 
the sot I y of lie 
middle f ustura of ft 
circular Sj ndle the ^ 
length m H be g 40 
iiiches the greatest 
ameter c D 33 nches 
and the least d imetcc 
» P 3+ inches? 

'Firsf. mn*J-oc=EO + ec = 20*-*-*=ii 
100, {NvU S, PriJ>. Xn, }>.rge 47), and eo + EC + 
oc = 100 + 4= lO^t, ihc diameter of the ciiclej 
also EC — Rc = 53— l6 = 36 = bg, the central 
dislonce. 

Seconil. I (d c ~ * ») =1 (32 — 24) = 4 
= c o. 

Then 4 -r- 104 =; -038^*1, the arta arg. corre- 
sponding to which is ■009340 ; which, multiplied 
. by the square of 104, produces 107'51104, the are* 
of the icgment men; and mv X ^Nv^iO x 
12 = 48<i, ari'ii of the rectangle m N n r, Tlien 
■107'3U04 + 4SO = 587'51lC+, Ike gtnr rating sur- 
J'aet V t» c N n. 

«4 Thiril. 




I 
I 
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Third , s/f, E^^— E G* = v/62* — 36* = 

v/l408 = 8 v/22 = A G, half the length of the 
spindle. 

Fourth. (AG* — T »«o*) X «i o s= (1408 — 

400 \ 

~ j X 20 = 25493|. 

Then 36 X 587-51104 = 21150-39744, and 
(254931 — 21 150*39744) X 6*2832 = 27287*5347 
cubic inches, the solidity. 

2. What is the content, in ale gallons, of a cask 
in the form of the middle frustum of a circular 
spindle, the bung diameter CD being 60 inches, the 
liead diameter n p 36 inches, and the length m N ox 
V /{ 80 inches ? Ans. 174890*9116 cubic inches, 

or 620*1 8052 gallons. 

PROBLEM XVHI. 

Tojind the Solidity of a Sphtroid. 

Rvitfft *• Multiply the square of the revolving 
axis by the fixed axis, and this product again hj 
*5236, the last product will be the solidity* 

Example 1. Let a c b £ be 
a prelate spheroid, Avhose 
' longer axis a b is 55 inches, 
and shorter axis c £ 33 : re- 
quired the solidity. 

c E» X A B X -5236 == 33* >< &5X '5236 = 
<J136l*022 cubic inches, the solidity. 

2. What is the !<alidity of an oblate spheroid, 
whose longer axis is 55 inches, and shorter axis 35 
inches ? Am. 52268*37 inches. 




* This Rule is demonstrated at p. 299, oi Holtidty^s Fhutimt i 
p. 173, vol. i. of Suitfion*s Fhxiotui p. 46, of Dealtty's Fbutmt^ 
Sec, 

3. The 
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i. The axes of an oblong or prolatt spheroid are 
50 and 30 ; required the solidity. Am. 23562* 

4. The axes of an oblate spheroid are 50 and 30 ;• 
required the solidity. Ans.ZQ^IO, 

PROBLEM XIX. 

To Jind the Solidity of the Segment of a Spheroidy the 
Base of the Segment being parallel to the revolvbig 
Axis of the Spheroid* 

Rule*. From three times the fixed axis, sub* 
tract twice the height of the segment, multiply the 
remainder by the square of the height, and that pro* 
duct by -5236. 

Then, the square of the fixed axis, is to the square 
of the^ revolving axis ; us the product, found above, 
is to the solidity of the spheroidal segment. 

Example 1« In an oblaie spheroid, the transverse 
or revolving axis a b is 100, the conjugate or fixed 
axis E c is 60, and the height o c of the segment 
7 c o is 10 ; required the solidity. 

(3 K c — 2 c o) X c o* X -5236 = (180 — gO) 
X 10* X -5236 = 8377-6, solidity of a spherical 
segment, whose radius is mo, and height go. 

Then 60* : 100* :: 8377*6 : 23271^, the solidity 
of the elliptical segment fcg. 

2. !n a prolate spheroid, the transverse or fixed 
axis is 100, the conjugate or revolving axis is 60, 
and the height of the segment 10; required the 
solidity. Am. 5277*888. 



* This Rule is nearly the same as that given in Problem XIU, 
page lAO. For the solidity of the whole sphere, is to the aotf- 
dity of the whole spheroid ; as any kegment of the sphere, is to 
a like segment of the spheroid. Now s c* ; a b^ a m o* 
the radius of the base of a circular segment, whose height ii 
o € : to* the radius of the base of an elliptical segment* wJMte- 
height it o Cf £mtrKn*s Conic Sectknt, Book I. Prop. XIX. 

G 5 3. The 



130 UE178URATIOV OF 80LID»; 

3. The axes of a prolate spheroid are 50' ami 30; 
what is the solidity of a segment whose height is 5f 
and its base parallel to the conjugate or revolving 
axis? Ans.659*736m 

4. The axes of an oblate spheroid are 50 and 30; 
what is the solidity of a segment whose height is 6*, 
and its base parallel to the transverse or revolving 
axis ? Ans. 408408. 

5. If fhe axes of a prolate spheroid be 10 and 6; 
recjuired the area of a segment whose height is 1^ 
and its base parallel to the conjugate or revolving 
axis ? Ans. 5 277888. 

6. The axes of a prolate spheroid are 36| and 18; 
what is the solidity of a segment whose height is 6f » 
and its base parallel to the conjugate or revolving 
axisf ^itj.517'130o! 

PROBLEM XX. 

To find the Solidify of the middle Zone of a Spieroid^ 

the Diameter of the Ends being perpendicular to the 

fixed Axisy the middle Diameter, and that 'of either 

End being given , together uith the Length of the 

Zone. 

RuLB *. To twice the square of the middle dia- 
meter^ add the square of the diameter of the end ; 

' muUipiy 

b ZZ V the height of the middle zone or frustum. 
x> rr K I the diameter of one end of the spheiicil sone. 
4/ zz M " the corresponding diameter of tht spheroidal - 
tone* 

By Prob. XIV. Ri^e t, the solidity of the middle sone of the ' 

•phere is d» + --^ X ^ X -7854 zz^n^-^zl^^xhx 

3 

D* /** h* 
26189 but Kfl^ zr c K* — o o\ vi». — =: - — —vtherefere 

4 4 4 

»> ~/* — A*, hence the solidity of the spherical aone zr 

1/* 




mulriply the sum by ihc Icngtli of ili 
|)roduct again by26iS for [lie - '" ' 

tfnt. This rul^ is uieful in gsiigii; 
the middle xone of a ftoUu if hEroi 
cuk of cht Jlrii viricly. 

F-xam/ife 1. ttltat is ihe so 
liaily of the miildb zone 
TEnnrr of a prulalc spho 
ruid, ihu (liamcier m n ot t r 
of the end being 36 inches, 
the miilillc diami'ter E F 60 
inches, and the length v 9 80 
inches I 

(2 B F* + m «») X = (7200 + r2£l6) X 80 
= ()79fi80; which, multiplied by '2618, producer 
J779J0'224 Cdbic inches, the solidity required. ■ 

5. Required the solidity of the middle zone of an 
oblale spheroid, tlie middlo diameter being 100, the 
diameler uf the end 80, ajid the length 36 f 

Am. 24S81472. 

3, Required the content, in ale gallons, of a sphe- 
roidal cask, whme lengili is 40 inches; the bnng 
diameter being 32, and bead diameter 24 inches. 
A gallon of ale heiiig 282 cubic inchcb? Ans.^J-^. 

,/»_*•; X * X 1613. But .1116 /I : -si^SA* i» 
\ f* ~ b^; X & X 'z6iS : the solidity of ihe fpharoiilaE 

/* t'-* :! 3/^ — i': X* X 'leiB -■ the •oliJily of lh« 
iphcreii'al fni)(uin. B; [he property of the ellipsis c d' : i f > 

c«>«i. ;4i7i ■'■*■' i^:7~*'' '* * ^ '*'■* ' ■''* 

inlldily of ihe iphtraidil fnislum ■^ir'^ -y ^x x^X 'i6ig. 
The rule for ihe ohlne ipheroidtl zone will tie eiicdy the »iiie, 
f utiing rUt Mt (he levolving a»s. 

• 6 4. Ro 
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4. Required the content, in wine gallom of • 
spheroidal cask, whoie length i> SO inches^ the bung 
diameter being l6, and head diameter 12 locbet. A 
g/iiloa of nine being 231 cubic inchuB? ^ff«.14'8€^ 

PROBLEM XXI. 
Tofini tie SolidUy ofaparaMic Conoid. 

Rule*. Multiply the iquare of the diameter of 
fts base by '39371 and that product by the height ; 
thelut product will be the solidity. 

^sample 1. What is the solidity of the parabeltc 
conoid 4 B », the diameter a b of its iaase being 36 
inches, and its height c s 39 inches? 

4 a' X -3927 X C D = D 

S6» X -3927 X 33 = 
16794-9936 cubic inches; 
which, divided by 1728,^ives 
9'7 19 cu'iic feet, the solidity 

9. What is ths solidity of a parabniic conoid 

whose height is 84, and the diameter of its base 48) 

Jn«. 76001-5873. 

3. Required the solidity of a paraboloid whose 
height is 30, and the diameter of its base 40 i 

Atis. 18849-e. 

4. Required the solidity of a paraboloid whoM. 
height is S2'85, and the diameter of its base 32 ) 

^Kb 9188-551 68. 



* The solidity of a panlwUc coDoid, or pinboloid, is equal 
tD half the solidity of a cylinder of the lame baic and height. 
This ii demoniirited in adlidtfi FIukhiki, p, zgi; Sarfttm't 
Ftueitni, p. 173; Ptallry'i Fl»xtm, g. 45^ £mtrtl*'l Fluximii 

FROu 




PROBLEM XXir. 



% parabolic 



Rule •• Multiply the sum of thi 
diameters of the two I'liils by the hi 
product by -3927 fer the solidity. 

Ntte. This role ii uuful 
(lauging. 



form 



iiabolic 



t thtir gre; 



ares i>f th« 
, and that 




Example 1. The greaier diamelcr a C u of the 
frusluro a m n b is 33, the less diameter mon ^ 26, 
and the hdght co = 8; rctjuired the solidity. 

A B* = 32» = 1024 

M »» = 2()' = 676 

Sum of the squares = 1700 

Tlien 1700 X 8 X '3937 
^ 534072 cubic inches, 
the solidity required. 




■ Let i =: c o ihe lisl|ht of Iht fniitum, ; = o o the hright 
of ihe pan mr D ■ cut off, ihtn b -^ f — c d the height of ths 

t( ADt *il\ it (d' b + D^ f) X -asi?, aodlheiolidltyof™ 
will be d' f X *J9»7> h'lce the soliilily of the fnutiun am 
mult be (d* i + o* f — d' f) x igij- B<U| by the property 
of the fjitloln I Nelts.fagni) cd : • :i Ac' : mo\ m. 
i +f ! f ;: i d' : irf', hencio'f — .Pp = id*, suhiii- 

fruiium, lad it bc<«mct (o' + d") X i X JSJ;* vibieh ii ihi 
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2. Required the solidity of the fnistutn of a para* 
l>olic conoidy whose greater diameter is SO, less dilk- 
peter 24, anckthc height 9 f Aiu. 52l6'626$^ 

3. Required the solidity of the frustum of a para^ 
boloid, the diameter of the .greater end being 60f 
ibat of the less end 48| and the height 18 ? 

Aii0. 417dd-0144.» 

4. There is a cask in the form of two equal frus- 
tums of a parabolic conoid ; the length is 44) inches, 
the bung diameter 32, and head diameter 24. Re- 
quired its content in ale gallons ? 282 cubic inches 
being one gallon. Am. 89*1234 gallons. 

5. There is a cask in the form of two equal frns- 
tums of a paraboloid; the length is 20 inches, the 
bung diameter \6j and head diameter 12. Required 
the content in wine gallons ? 231 cubic inches being 
one gallon. Ans, 13*6 gallons. 

PROBLEM XXlir. 
To find the SoHdity of a parabolic Spindle. 

Rule ♦. Multiply the square of the middle dia- 
meter by '7854, and that product by the length; 
then tV ^^ ^^^ ^^^^ product will be the solidity. 

Orj multiply the square of the diameter by 
•41888, and that product by the length, fur the 
solidity. 

Example 1. Let a bcd be a parabolic spindle, 
of which the middle diameter c d is 36 inches, and 
the length a B 99 inches ; required the solidity. 



• The 



he solidity of a parabolic spindle is equs! {•• i^ of its cir- 
cumscribing cylinder. Thi» is demonstraiei in HoUidnyt 
Fiuxiofis, p. 304 ; ^mersrn^s Fluxions, p. 284 j Sm^iCfTi FiuxUxs, 
p. 177, &c. 



CD' 
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c t>» X -rsM X 99 = 
S6* X 7854 X 99 =» 
100769'96i6\ A 

Then (l00769'9Sl6 X 
8) ^ 15 = 53743-97952 
cubic inches =» 31*10184 
cubic feet) the solidity. , 

Or, 36* X '41888 X 99 = 53743*97952 cubic 
inches, the solidity. 

2. The length of a parabolic spiiklle is 60, ami 
the middle diameter 34; what is the solidity? . v 

Jiis, 29053-5168. 

3. The length of a parabolic spindle is 9 feet, and 
the middle diameter 3 feet ; what is the solidity f 

-rf«#. 33-92928. 

. 4. What is the solidity of a parabolic spindle^ 
whose length is 40, ai^d middle diameter 1*6 ? 

Ans. 4289-331 2. 

PROBLEM XXIV. 

To Jind the Solidity of the middle Frustum of & 

parabolic Spiiulle, 

Rule. To twice the square of the middle dia- 
meter, add the square of the diameter of the end ; 
and from the sum subtract four^tenths of the square 
of the difference between these diameters : the re- 
mainder multiplied by the lengthy and that product 
by *26l8, will give the solidity. 

Nte. This rule is useful in cask gauging. A ca^k in the 
form of the middle frustum of a parabolic spindle, is called by 
gaugers a cask of the second variety ; and is the most common ot 
aoy of the varieties. 

Example 1. Required the 
solidity of the middle frus- 
tum of a parabolic spindle 
m p o II, the length a b be- 
ing 20, the greatest diameter 
CD 1 6\ and tne lea^t diameter 
2r or OH V2i 

(2 CD* 
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(2 C D* + E F*) — (-4 X CD — Ef/») = (512 + 

144) — 6*4 = 649-6, hence 649*6 X «0 X 'Sies 
s^ 3401*3056, the solidity required. 

2* The bung diameter c d of a cask is 32 inches, 
head diameter e f 24 inches, and length a B 40 
inches; required its .content in ale gallons: 282 
cubic inches being one gallon. ^ii9.S^*4909 gallons* 

3. The bung diameter c D of a cask is 36 inches, 
the head diameter £ f 20 inches, and length a B 36 
inches; what is its content in wine gallons? 231 ca« 
bic inches being one gallon. Ans. 117*89568 gallons. 



PROBLEM XXV, 

To find the Solidity of an hyperbolic Conoid* 

Rule*. To twice the height of the solid, add 
3 times the transverse axis, multiply the sum by the 
square of the radius of the base, and that product 
by the height, and the last product by '5236 ; the 
result, divided by the sum of the height and trans* 
Terse axis, will give the solidity. 

Example 1. What is the so- 
lidity of an hyperbolic conoid, 
whose height m, v = 50, the' 
diameter a b of the base = 
103*923048, and the transverse 
axis £ V s= 100 i 




(2 m V + 3 V e) X A m* X w V X '5236 _ ^^^^ 

103-923048)* 
solidity. Now, (100 + 300) X % = 



• Thii Ruk is deduced from p. 305, of HolUdafs Fluxkmt, . 

400 X 
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^^^ ^^^^ , 1080000 X 50 X •5236 

400 X 2700=1080000; and ,- ^^ ■■ 

150 

= 1 88496, the solitTity required. 

2. Required ihe solidity of an hyperboloid, whose 
altitude m v is 10, the diameter a b uf the base 24, 
and ihe transverse diameter v £ = 30. 

Ant. 2073-456. 

3. The altitude of an hyperboloid is 50, the dia- 
meter of its base 104, and the tiansverse axis ey 
a22-449; what is the solidity ? Jns, 191847042. 

4. What is the solidity oTa parabolic conoid, the 
altitude m v being 10, the diameter a B of the base 

24, and the middle diameter c D s=s 6 \/7 *? 

jdns. The transverse axis v e = 30, and the soli* 
dity = 2072-664. 

5. The diameter a B of the base of a parabolic 
conoid A c V D B is 6o, the middle diameter c n 
35*49648, and the altitude m y a=r 50, what is the 
solidity ? Ana. The transverse diameter v e s= 331^ 
and the solidity tsz 56548*8. 

* In this and the following Example, it will W necessary t» 
find the transverse axis, before the rule given can be applied : 
a general theorem for this purpose may be obtained in the foU 
lofHng manner. By property 7, p. 84, we easily derive the fol* 
lowing proportion, viz. 

mv X »M, ; AW*:: ovxos :co^. 

Let the traasverte axis v i be rejuresented by », then jr i IT 
M T Hh «r> *nd o 1 n o V -I- X : hence « v X (« v + ^) i ^ "^ 
II V X (o V + at) I c o^, from which proportion x ZZ 

(c O* X 1 V*) a> ( A «* X o V*) , . r £ M 

] ^ ' ' a general theorem for nndinf 

(a as'^ X o v) OB (G o- X "> v^ ' 

the tnnsverse axis, when two abscissas and their ordinates are 

given. ]3ut when m v it bisected by the ordinate c o, that ia^ 

when c D is a middle diameter, the theorem may be kimplified^ 

4 c o^ cr A as* 
tnd v f, the transverse axis, will be equal to , 

2 A n* a: 4 c o^ 

X «v. Hence, If the MiV<//f diameter, the diameter of the base^ 

and the altitude of a parabolic conoid be given, thtjransvefse axis 

may be found. Or, if the trantveru axis, the diameter of the 

Wse« and the altitude b« gives, (he middi$ diameter may b« 

ibund. • 

PRO- 
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PROBLEM XXVI. 

To Jind the Solidity of the Frustum of an iyperbaic 
Conoid. 

RutE •. To four times the sqimre of ihe miiHIe 
diomelcr, add the sum of the squiirea of the greatest 
and least diamcti^rs; multiply tbc result by the alti* 
tiLiJo, and that product by -1309, for the solidity. 

Example 1. What is the solidity of the friutthn 
ACK ji OB of ati hypcrbolicconoid, whoso grealrit 
dtHUH'tcrAB is 96, least diameter c u 54, iniddlt 
diumcter c D 76-43(i43ja, and the altitude mn 3il 



4 c D* + A B» + 
III" = (5841 X 4) 
+ 9216 + 2916 = 
S5495; ami 33496 
X 25 X 'ISOP = 
116260-66, the M)li- 
dtty required. 



$. What is ihe solidity of tlicfVustun) ACZBSi 
of oil hyperboloid, whose gnatest diameter a ir ii 
31 inches, lea^l diameter v. it 24 inches; niidfllcdia> 
Bict(TCB2817 inches, and the heightmn^Uinchnr 
Waf. 1949S-8440808 inchei, 
' 3. Required the solidity of the finstum of an hy- 
perbolic conoid, the height hein^ IS, the greaieit 
fliameter lO, the least diameter 6', and the middle 
diamvlcr 8 5. ^"i. 667*59> 

• Tb<) Rule ii the urn* u that giten in the Note to Fnlk 
X. p. 1l$i 'li' Fbui I'imta the area in iha middle, lUed to ib* 
amiol'thaewocnii, anif the mm nuUipliCil by one-siith of lU 
bcisbi; ibe number '1^09 bciog the lixth (iit of 7S54. 

PROb 
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PROBLEM XXVIL 

ft 

To find the Solidity of the middle Frustum of any 
Spindle, formed by the Revolution of' a conic Section 
about its Axis, 

Rule*. To the square of the greatest diameter, 
add the square of the least, and four times the square 
of a diameter, taken exactly in the middle between 
the tw ff ; multiply the sum by the length, and that 
product by 'I30y, for the solidity. 

Example 1. Rediuired the solidity cf the middle 
fru:stum E F G II t of any spindle, the length a « 
being 40, the middle diameter c D 32, the least dia- 
meter E r or o H 24, and the diameter i k, in the 
t^ middle between a u and c d 30*157568 ? 

Jns. 2742572624. 

t^ Q7 What is thesolidity «f the middle fnistuni of a 
ilpiiidle, whose length a B = 20 inches, the middle 
diameter c D as 16 inches, the diameter at each eml^ 
12 inches, and the diameter i k at a quartcif of the 
length 14*5 inches ? Ans. 3243'<)38 inches; 

PROBLEM XXVIII. ' 

• ; ToJMtht SoMty ofacyUndrkal Ringt^^ • 

m 

Rule. To the thickness of the ring, add tlio 
inner diameter, multiply this siim by the square of 
the thickness, and the product by 2*4674, for the 
solidity. 

Note, To fnd the 'sttperficUt. To the thickness of the ring, 
■4d the inner diameter, multiply the sum by the thickness, and 
|hac product by 9*8696, for the ftuperficies* 

■ I I m ■ ■ ■ I ■ ■ i> 

. w • 'iois Rule ;• tk. ..mi* flq rhAf jfivcn in Problem XXVI. 

f See the fi^ore to Problem WiV. .... 
• i This bciiif only a bent cylinder^ the reasoa of the Rule 9 
^vioii.' 



«■ 
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Example 1. The thickness a c of a cylindrical 
ring is S inches, the diameter ct> 8 inches^ what are 
the solidity and superficies. 

1 . Tor the Soliditif. 

(a C + C D) X A C* = J^^'^JTL^^^^ 

<3 + 8) X 9 = 99, then i/'^^^k\. 

99 X 2-4674 = 244-2726 . ilMc ^A v 

cubic' inches, the boli- i[Tm mTM 

ity. %\^^ ^-m 



Tor the Superficies. 
(a c >f c d) X A c = (5 + 8) X 3 = 33, then 
53 X 9*869fi "B 325*6968 square inches, the tur* 
&ce. 

Or thus. 

mn X 3*14l6 s? the circumference mour^ or 
length of the ring, « (f AC -f CD -f f db) H 
&Ul6 « (3 + 8) X 3'14I6 = 34-5576. 

Now A c* X "7854 ss= 9 X '7854 =» 7'0686, area 
of a section of the ring; hence 7'<^86 X 34*5376 
s= 244-27385136 inches, the solidity measured as a 
cylinder. 

For the Surface, 
A c X 3*1416 = 3 X 3' 1416 ss 9*4248, circum- 
ference of the section ; hence 34'5576 X 9*4»248 sa 
32^69846848 inches, the surface measured as a 
cylinder. 

2. What is the solidity of the ring of a ship's an* 
chor, the inner diameter being 25 inches, and the 
thickness of the metal 6*5 inches ? 

Ans. 3283*8 inchesw 

3. A jeweller had a cylindrical ring made for a 
sign, the inner diameter being 18 inches, and the 
thickness of the ring 4 inrhpR ; what w^o tin? «Apense 
of gilding it at one penny per square, inch ? 

4ns. 868\5248 pence = £3 : 12*. : 4|<ir, 

OF 
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OF THE FIVE REGULAR BODIES. 

A REGULAR BODY IS a solid Contained under ft 
certain number of similar a«d equal plane figures. 

The whole number of regular bodies, which can 
possibly be formed, are five ; for only threiB kinds 
of equilateral and equiangular plane figures, joined 
together, can make a solid angle *• 

1. Tht' Tetraedrony or equilateral pyramid,:^ $vhicli 
has four triangular faces. 

2. The Octaedroriy which has eight triangular 
faces. 

3. The Icosaedron J which has twenty 4i4angtilar 
faces. . , 

4. The Dodecacdron, which has twelve peutagonU 
faces* 

5. The Hexaedron, or cobe, which has six square 
faces. 

^ Table, shtwing the Solidify and Superficies of the 
Five Regular Bodies, the Length oj a Side in 
each being oTtef. 



No. of 
Sides. 

4 

8 

20 
12 
6 


Names. 


Solidities. 


Surfaces. 


Tetraedron. 

Octaedrun. 

Icosaedron. 

Dodecaedron. 

Hexaedron. 


•1178511 

•4714045 

2-1816^50 

7 '6631189 

I -0000000 


1.7320508 
3-4641016 
8-6602540 
vIO-6457288 
6-000('000 



• Ke'itb^s Geom. 22 of X. 

f The methods of calculadng sue h a table as this may be found 
in Dr. Uutton^t large Treatise oii Mensuratioo, and in Emtnon'i 
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PROBLEM XXIX. 



Tojind the Solidity and Superficua of any regular Body, 

Ri^LS 1. Multiply the cube of the length of a 
side of the body by the tabular solidity, and the pro- 
duct will give the solidity of the body. 

2. Multiply the square of the length of a aide of 
the body, by the tabular superficies, and the product 
\^'iU give the supei^ficies of the body* 



The Hexaedron 



Tetraedron 




The Octaedron 



The Dodeeaedron 



The Tcusaedron 
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Noi€. If the preceding figures be exactly drawn on 
pasteboard, and the lines be cut half through, so that 
the parts may be turned up and glued together, they 
will represent the five Tegular bodies. These bodies 
may all be inscribed in a sphere, so ' that each angle 
may touch its internal surface* 

Exampk 1. .The side a B, B c, b d, &c. of a 
Tetraedron, or equilateral trangular pyramid | is 12, 
what arc its solhiity and superficies. 

12* X •11785U =: 1728 X 
•1178511 =:20a'6467, the solidity. 
And 12* X 17320508 = 144 X 
J '7320508 = 249*41 53 152> the su- 
perficies. 

2. Each side of a tetraedron is 3, required its 
surface and solidity. 

Afis. Surface 15*58845, solidity 3*18198. 

3. Each side a d, b D, ^ 
B c, &c. of an Octaedron 
is 12 inches, required the 
fiolidity and superficies. 

A/fs. E4_ Id ^^ 

Solidity=:8 14-586976 in. 
Supcrficiess=:49S*8306'304 in. 



4. Each side a b, b d, b c, &c« 
of an Icosacdron is 12 inches, 
what arc the solidity and super- 
ficies. 

Ans* 
Solidityas3769*96896 inches. 
Superfi«iesB=:1247*076'576 inches* 




. 5. Each 
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5. Eaeli side a b, b c, c s, 
&c* of a Dodccaedron is 12 
inches, what are the solidity aud £• 
superficies f 

Antm 

Solidity=l3241-86&4592 in, 
Superficies= 2972-9849472 iu. 



6. Let B be a Hexaedron or cube, 
^'hose side is 12 inches, required the 
solidity and superficies ? 

An9* Solidity=1728 cubic inches. 
SuperAcics = 864 square inches. 




OF THE SPECIFIC GRAVITY OF SOLIDS. 

1. The specific gravity of a body is ihe relation 
which the weiuht of a given magnitude of thai body, 
has to the weight of an equal magnitude of a body of 
another kind. 

2. A body immersed in a fluid, loses as mucli 
weight as an equal bulk of the fluid weighs. If the 
body be of equal density with the fluid, it loses all 
its weight, and requires no force but the fluid to sus- 
tain it. It it be heavier, its wcioht m the fluid will 
be the difterence between its own weight and the 
weight of the same bulk of the fluid ; and it will 
require a force to sustain it just equal to this di^ 
ierence. If it be lighter than the fluid, it will re- 
quire a force equal to the difference between its own 
weight and the weight of the same bulk of the fluids 
to keep it from rising in the fluid. 

d« In the comparison of the weights of bodies, it 
is convenient to consider some one as a standard, 
with which all the others may be compared ; and as 
rain water is nearly alike in all places, it is generally 
taken as the standard* 

2 B/ 



By repeated experiments, it has been found that 
a cubic fool of ram water weighs 6^f pounds avoir- 
dupois, or 1000 ounces; hence the weight of a 
cubic inch is *036l6898148 pound. If therefore' 
the specific gravity of any body be multiplied/ by' 
*0PO(>36l6S9i, the product will be the weight of a 
cubi<; indh of that body in pounds avoirdupois ; 
and because 144 pounds avoirdupois are exactly > 
equal to 175 pou/ids troy; if this weight be niulti- 
plied by 175, and' the product be divided by 144, 
the quotient will give the weight of a cubic inch m 
pounds troy. 

PROBLEM XXX. 
To Jind the qtecific Gracity of a Body, 

RULES. 

Casb 1. . Whm the Body is heavier thm Water. 

Weigh it both in water and out of water, the dif* 
ference will be the weight lost in water. 

Then, the weight lost in water, is to the absolute 
weight of the bbdy ; as the specific gravity of water^ 
is to the specific gravity of tne body* 

Casb 2. WTten the Body is lighter than Water^ so 

that it wiU not aink. 

Fix another body to it, which is heavier than 
water, so that both may sink together, as a com* 
pound mass. 

Weigh the heavier body and the compound ma» 
separately, both in water and out of it, and find how 
much each loses in water, by subtracting its weight 
in water from its weight in air. 

Then, the difference of these remainders, is to the 
weight of the lighter body in air; as the specific gra- 
vity of water, is to the specific gravity of the lighter 
body. 

H Case 
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Case 3. For a Fluid of any Kind* 

Take part of a body of known specific gravity; 
weigh it both in and out of the fluid, and find the 
loss of weight by taking the difference of the two. 

Then, the whole, or absolute weight, is to the loss 
of weight; as the specific gravity of the soUd, is to 
' the specific gravity of the fluid. 

Examples to Case I. 

1* A piece of metal weighed 83*1886 pounds out 
of water, and in water only 79*^717 pounds, re- 
quired its specific gravity; that of water being 

aooo. 

83-1886— 79-5717== 3-6169 pounds, weight lost 
in water. 

Then 3'6l69 : 83-1886 :: 1000 : 23000 the spe- 
cific gravity, or the weight of a cubic foot of the 
metal in ounces; hence, from the following Table, 
the metal appears to be Platina, 

2. If a piece of stone weigh 108f pounds out of 
water, and 72*3 pounds in water, what is its specific 
gravity ? that of water being 1000. An$, 2997 
= 3000 nearly, the specific gravity oi granite. 

Examples to Case 2. 

3. Suppose a piece of elm weighs 15 pounds in 
air; and that a piece of copper, which weighs 18 
pounds in air, and l6 pounds in water, is affixed to 
it, if the compound weighs six pounds in water; 
required the specific gravity of the elm. 

18 — 16 = 2 pounds, loss of weight in the copper, 
(15 + 18) — 6 = 27' pounds, loss of weight in the 
compound. 

Then 27 — 2 : 15 pounds :: 1000 : 600, the spe- 
cific gravity of the elm. 

4. A piece of Cork weighing 20 pounds in air, had 
fi piece of granite fixed to it, that weighed 120 pounds 
in air^ and 80 pounds in water; the compound mass 

weighed 
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weighed l6j pounds in water^ what was the specific 
gravity of the cork ? 

X Am, 240 the specific gravity ^f the cork. 

Examples to Case 3. 

5. A piece of cast iron weighed 259*1 ounces in a 
fluid, and !298'1 ounces out of it; what was the spe- 
cific gravity of the fluid? the specific gravity of cast 
iron being 76^5* 

298*1 — 259* 1 =5 39 loss of weight in the iron. 

298-1 ounces : Z9 :: 7^45 : 1000, the specific 
gravity of the fluid, hence the fluid is common 
water* 

6. A piece of lignum vitas weighed 42^ ounces 
in a fluid, and l66f ounces out of it: what was the 
specific gravity of the fluid? that of lignum vital 
being 13'33. 

Ans* 991 the specific gravity of the fluid, henca 
tha fluid is liquid turpentine. 



ii 2 A Tabic 
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A Table of the Specific Gravities of Bodies^ and tif 
IVeighi. of a cubic Foot of each in Ounces Avoir ^ 
dupoiSm 



Platina, pare» hammered 23000 

Gdldf pure» hammered 19350 

Standard gold 17724 

Quicksilver 13568 

Lead, cast 11325 

Silver, pure, cast 1^474 

SilvoTf pure». hammered 105x0 

SUvcr^ standard JO35 ' 

Copper, pure, hammered 9000 

Copper, cast •• 8830 

Gun metal ••••• 8784 

Brass,. cait ••• 8396 

Steel ..•• 7*»6 

Bar iron •••••••••••• 77^^ 

Cast iron •••... 7645 

Tin ••••• 73*0 

ZioCf pure ^..•« 6861 

Zinc, hammered 7190 

Granite 3000 

Flint glass •••• 2922 

White glass 2892 

Bottle glass •• 2732 

Common green glass • • 2642 

Whitcmarblc 2837 

Green and red marble • • 2742 

Slate 2672 

Purbcck stone 26OZ 

Portland stone 2570 

A4ill stone • 2484 

Chinese porcelain •••• 2385 

Grindstone >% 2143 

Salt 2130 

Clay 2i§o 

Brick •••• 2000 

Common earth •••••• 1984 



• • •T'a • • • • 



Nitre 

Ivory ••••• 

Brimstone . • 
Sand ••••# 
Lignum vit^ 
Newcastle coal • 
Staffordshire €•«! 
Box. wood • • • 
Ebony ••••••••• 

Mahogany 

Sea water • . • . • 
Common water • 
Dry oak******* 
Liquid turpentine 
G\inpowder, shaken 
Ditto, in loose heap 
Logwood, dry ••. . . 
Beech, ditto 
Ash, ditto •••••• 

Apple tree, ditto* < 
Plum tree, ditto • < 
Maple, dkto • • • • 

Cherry tree, ditto 
Walnut tree, ditto 
Pear tree, ditto • • 
Yellow fir, ditto •< 
Elm, ditto •••••• 

Cypress, ditto* •• • 
Lime tree, ditto • • 
White fir, ditto •• 
Cedar, ditto • • • • 

Willow, ditto • • • • 

Poplar, ditto • • • • 

Cork 

Air 



• •« • 



•• 



• « 



• • • • • I 



• • • • 



1900 
1825 
1850 
1520 

1270 
1140 

IQ»30 

II77 
1063 

rojo 

1000 

991 

9p 
8^9 

913 
852 

Us 
793 
755 
755 

7»$ 

671 
66e 

600 

$«i 

3*1 

»*> 



FRO- 



PROBLEM XXXr, 

■!r*e iinfar Dimensions, or Mcgjiilw/e of a Borly, and 
Hi ^cific Gravity, being given, lajind iln fVcight. 

RuLR. One cubic foot, or 1798 cubic inches, ii 
to tlic kulidiiy ui the body, m iuclics ; as the talrn- 
lar spt'citic gravity of the body, ii to its weigbt in 
»¥oirilupoL5 ouiicfs. 

Example 1. What Is the weight of a piece of dry 
oak, in the form of a parallelopipcdoii.whnte length 
is i6 inches, breadth 18, Bud deptb 13? 

56 X 18 X 12 = 12096 cubic iuchcs, the soli- 
dity. 

Then 1728 : 12096 ;; 932 : 6524 ounces = 



*07| pounds avoirdupot 



2. What 



9 the 



inches in Jiumeier? 



,the 

eight of 



iieht 
cast iron shot of 3| 



32 ounces = 6'2 pounds. 

3. Reci'iired the weight of a cast iron shell of 9 
inches diBraeter, ihe inttal being ii inch ihickf 

Ans. l!a8-367 ounces = 7-t'273 pounds. 

4. Required the weight of one of the PortUn<1 
•keystones, to Ihe middle aTch of Westminster bridge: 

the diiimcieruf i he arch being 76 feel, tlie height 
\ of the keystone 5 feet, the upper chord of the front 
' of the stone being 3 feet 4 inches, and the depth of 
the slonc 4 feet. 

Aui. The l<)iveT chord of the front of the stone is 
3'12;S72 feci, {vide Note, p. 63); and as the chords 
sod tke arcs do not esscniially differ, the stnne may 
be measured as a prisrooid, its content will be found 
to be 1U644-43B4 cubic inches; hence its weight 
^ |66045'25S5 ounces = 10377'8a86 pounds := 
4 tons, 12 cwi. 2 ijuaiteTs, 17'S236 pounds. 

5. Wanting to know the solidity and weight of an 
irregular piece of flint glass, and having no inenns of 

U 3 w«igliiii£ 
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weighing it, I put it into a cylindrical vessel, whose 
diameter was 32 inches, and then poured as much 
water into the vessel as just covered the glass ; on 
taking the solid out of the vessel, I found the fall 
of the water to be 14 inches; what were the solidity 
and weight of the glass ? 

. C Solidity = 11259-49 inches, 
^"** I Weight = 19039*48 ounces. 



PROBLEM XXXII. 

The tpeqfic Gravitij of a Body, and ifi Weighty being 
giveuy to find its Solidity, 

Rule. The tabular specific gravity of the body, 
is to its weight, in ounces avoirdupois; as 1 cubic 
foot, or 1728 inches, is to the content in feet, or 
inches. 

Example I. What is the solidity of a block of 
white marble, that weighs 8 tons, 14cwt.; and what 
will it come to at 8s. per soj^jd foot. 

First 8 tons, 14 cwt. = 19488 pounds = 311808 
ounces. 

2837 : 311808 :: 1 cubic foot : 109*9076 feet, 
the solidity; which, at 8s. per foot,, amounts to 
£43 : 19 : 3-J296\ 

2. What is the diameter of a cast-iron shot, that 
weighs 42 pounds } 

. J Solidity = 151*892 cubic inches. 
^'^* I Diameter = 6-6*2, nearly. 

3. How many cubic inches of gunpowder are • 
contained in a' pound avoirdupois ? Ant* ^9'T' 
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PROBLEM XXXIir. 



To Jind the Quantitm of two Ingredients in a given 

Compound. 

Rule *. Find the solidity of the given compound 
(by Prob. XXX II), and th€ solidities of two equal 



* This Rule Is derived from AlligatltMi. Let c = the specific 
%tzyitj of th« compound, g zz the greater of the other two spe- 
cific gravities, / zz the less, and w iz: the weight of the con>- 
juund. Then the respective solidities, (by Prob. XXXU.) will 

be », — ^ and --. Now, (by KeUb^$ Aritbmttie, Proposition 

4th, jilSgation) wc have 



nv 



iU; 90 wi 

» — "7 "" — greater difiference. 



g 



ttf 



I c 



w . w 



-. «J — — — l#es difference; 



to to 

— •» — Sum of the difierencct. 



Then 



, ^— — :w::— — -:othe quantity of the he4^ 
I g I e 

vier ingredient, which is the Rule. Alsa, -^ — — : v» %\ 

^ I 
w fO * 
- — - : y the quantity of the lighter ingredient. But thes« 

proportions may be simplified by reduction; the first becomes 

~— X w It —J— : Q ; or, 7 7- — ^ X w = q, or 

(1; — /) X e I \c — /) X 1^ :.: w : <i> which is the second , 
Rule* The second proportion, by reduction, becomes 

X f ' fe — X / J ! w : f, the quantity of the lighter ingre- 
dient. The tamo method may be applied to any number of 
iD|rfcditnts* 

M 4 weigh ti^ 
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weights, having the same specific gravities as each of 
the ingredients, which constitute the given com- 
pound. ^ 

Find the difference between x}^e solidity of ^bt 

compound, and each of these solidities; then, the 

sum of these differences, is to the weight of the com- 

i)ound ; as the greater differe^ic.e, is to the iq\i90tity 

^f the heavier ingredient. 

Otf which is the samCf 

From the specific gravity of the compeuiid^ sob^ 
tract the less of the other two, and multiply the 
remainder by the greatest; also, from the gre^^esl 
5p6ci$c gravity, subtract the Jeast, and muUipiy t\t% 
remainder by the specific gravity of the conip 
pound. 

Then, the second product is to the first, as the 
.whole weight of the compound is to the lyeight of * 
the ingredient, having the greatest specific gravity. 

Example 1. The specific gravity of a compovnd 
of tin and copper is 8784; required the quantity of 
each iogi'e/dicnt, the specific gravity of tin being 73^0, 
and that of copper 9000; also the weight of the mass 
J[)eing 11:2 pound. 

8784 : 112 :: 1 : «01 2750455 feet, the solidity 
pf the compound. 

9000 : 112 :: 1 : *012444444 feet, solidity of 
the copper.' 

7320 : 112 :: 1 : -015300546 feet, solidity of 
the tin. 

7hen -012750455 — *01244.4444 ss *0003Q6011 

And -015300546 — -012750455 = •002550091 

Sum = ?0O3856JOd 



Lastly, 00285610^ : 112 pounds :: -002550091 
: 100 poi^n(]$, the Kveighi of copper i hence the tin 
VOghs 12 Fi»P4«? 



Or thus: 

(8784 — 7320) X 9000 = 1464 X 9000 = 
13176OOO9 first product. 

(9000 — 73520) X 8784 = IS8O X 8784 « 
14757120, second prqduct. 

Then 14757120 : 13176'000 :: 112 pounds : 100 
pounds, the ucight of the copper, as before. 

S. A vase, made of pure gold and silver, ham* 
mered, weighed 128 pounds, and its specific gravity 
was 16640 ; what quantity of each sort of these 
metals was in its composition ? the specific gravity 
of the gold being 19350, and of the silver 10510. 

jtni S 1^*2157 pounds of gold. 
^' I 24-7843 pounds of silver. 

3« It is reported that ffiero^ King x>f Skifyf fur** 
nished a goldsmith with a quantity of gold, to make 
a crown. When it came home, he suspected that 
the goldsmith had used a greater alloy of silver than 
was necessary in the composition ; and applied to 
jirckimedes, a celebrated mathematician of Syracuse^ 
to- discover the fraud, without defacing the crown. 

He procured a mass of gold, and another of silver, 
each exactly of the same weight with the crown : 
considering, that if the crown were of pure gold, it 
would be of equal bulk, and displace an equal quan<* 
tity of water with the golden mass; and if of silver, 
it would be of equal bulk, and displace an equal 
quantity of water with the silver mass; but if a 
mixture of the two, it would displace an interme- 
diate quantity of water. 

Now, sappose that each of the three weighed 100 
ounces ; and that on immersing them severally in 
water, there were displaced 5 otinces of water by 
the golden mass, 9 ounces by the silver vomA^ and 
6 ounces by the crown ; what quantity of gold and 
of silver did the crown contain } 



^ 25 ounces ot silver* 
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PROBLEM XXXIV. 

T^JSnd kow many Inches a floating Body rf g^tm 
Dimensions will sink in a Fluids 

Rule. Find the weight of the floatiig body from 
its solidity and specific gravity, (Prob. XXXI.) and 
that will be the weight of the ftuid which it wilt 
displace. 

Then, the specific gravity of th« fluid, is to 17^8 
cubic inches ; as the weight of the body, in ounces, 
is to the cubic inches immersed. The depth will b» 
found from the given dimeasions. 

Example 1. A piece of dry oak, in the form of a 
parallelopipedon, whose length is 56 inches, breadth 
18, and depth 12, b to be floated upon common 
smooth water, on its brdadest side; how many 
inches will it sink? its specific gravity being 932. 

Its weight, by Example I, Prob, XXXI, 1^6524 
ounces, which is the weight of water displaced. 

Then 1000 spec, of the water : 1728 :: 6524 : 
11273*472 cubic inches of oak immersed. Conse* 
quently 11273-472 -r- (56 X 18) = iri84 inches 
the depth it will sink ; if it be floated on its narrower 
iLde, it will sink 16*776 inches. 

2* How many inches will a cubic foot of dry elm 
sink in common water, the specific gravity of elm 
being 600 ? Jns. 7*2 inches* 

3. The length of a piece of yellow fir is 40 feet,, 
each side of its square ends 3 teet, if it be floated in 
smooth sea water, to what depth will it sink ? the 
specific gravity gf yellow fir being 657y and of sea 
water 1030. Jpi. 22-9631 inches. 
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PROBLEM XXXV. 

Tojiifd i»\at Weight may be aitachd lo ajlrtaliig- 
Body, VI that it may he just covered with the Flaid^ 

Rule. JIuliiply the cubic feet in the body by 
the difference between its speeific gravity and that 
of till: fiuid, the product will be the weight in 
ounces aroirdupuis, juiit ^uificieat tu iniiiierae it ia 
the tluid. 

Example 1. What weiglit, iixed to a piece of dry 
onk, 36 inches long, 18 indies broad, iind 12 inches 
deep, will keep it from rising abuvc the surface of 
a fresh water lake - tJie speeiUc gravity of the water 
being'lOOO, and that of the oak 932 f 

First 56 X 18 X 12 = 12096" cubic inches = 
7 feet. 

Then 7 X (1000 — 932) =7 X 68 = 476 ounce* 
= 29 pounds, 12 ounces. 

2. What weight will be just sufficient to immcrsa 
B cubic feot of cork in sea water? 4«j, 49f pounds. 

3. A sailor had half an anker of brandy, the Epe* 
cific gravity of the liquor was 937, the cask wai 
wak, and contained 316 cubic inches, and its specific 
gravity waa 932t to secure his prize from the Cui» 
tum-houie ofRcei^, he fixed just us much bud to iho 
cask as would keep it under water, and then threw 
it into the sea ; what weight of lead was necessary 
for his purpose f 

Ati». The cask and brandy contained 137I cubic 
inches, the weight of sea water of an equal bulk was 
8l7'2048fi Duiiccj avoirdupois; tlie cask ueigbeil 
1 16-5 ounces, the brandy 6lS'6()93r5, both tnseiher 
weighed 736-l!)375 ounce*, then 817'21'*86 — 
73^19375 = 81-01 1 1 1 minces. Now the difference 
between the specific gravity of lead and of sea water 
n to this remainder, as the spc'ciAc gravity of lend 
i> tu its weight in ounces, which will be found to li* 
19*09^19^ ouncci avoirdupois, or 5 pounds 9 obnces. 
H ff PKOf 



IfiS MENSURATION OF SOLIDS* 

PROBLEM XXXVI. 

So Jnd th SoUdit^ of a ^ody, li^^fpr tl^ 9 J7^'* 

vier than the Fluidyfrom sinking. 

"RyisE. Find the solidity pf th^ bofofy to be 9^^ted» 
from its weight and specific gr^YJty. (by ^ro^ 
XXXlI.) and the ^ji^^ight of aq equal \i^\k of |b^ 
fluid, (by Prob. XXXI.) " 

Then, the difibrence between the speci^c gn^yity 
of the fluid, and that of the body lightj^r than the 
fluid, IS to the diflerence between the weight of tfa^ 
body to be floated, and the wei^t of an equal bulk 
of the fluid ; as \f2S is to the solidity of the lightef 
body, in cubic inches. 

Example 1. How many solid feet of yellp^f ^r^ 
ii^hpsc specific gravity is 6579 ^^M^ be sufficient to 
keep a brass cannon, weighing 56 cwt. afloat at sea f 
the specific gravity of brass being 839^, and of sea 
water 1030. 

First, 56 cwt. = 10035^ ounces, weight of the 
body to be floated; and 839^ : 100352 :: 1738 : 
S06'53'675 cubic inches in the cani^on. 

Then, 1728 : 20653-675 :: 1030 : 12310'9289, 
the weight of sea water equal in bulk to that of th« 
cannon. 

Now, 1030 — 657 : 100352 — 12310 9289 : : 
1728 : 407868*5545 cubic inches = 236*035 feet. 

2. How many cubic inches of cork will be ^ufli- 
cient to keep 49f pounds ot lead afloat at sea? th^ 
specific gravity (if lead being 1132^, that o( cork 
240, and of sea water 1030. 

Ans, 1570*84 cubic inches = 1 foot nearly* 

3. How many cubic inches of white fir m\\ hp 
suflicient to keep a piece of lignum vita^, that weighs 
146 pounds, from sinking iu conxmpn water? thf 
specific gravity of lignu^ vitae being 1333^ that ot* 
Vfbite fir 56Sf &od ^i common water 1000. 

1 jinis 



Jfifi^ H6'?^ Cu^ic iiu^h^il bfiog eqtid to a{)jiece 
of nr 3 inches square, and l6l incBes long; ojQd .» 
l^H pjfu:^ pf ^r tl|^9 this wom14 «4ve ^ Qinn from 
befng drowned*, as long as lie had str^ggth VlA 
spirits to keep his hold. 



WEIGHT AND DIMENSIONS OF BAUSf. 
f AND SHELLS. 

yaoBL^M xxxvn. 

The Diameter of an Iron Shot being given, to Jind ki 

Weight. 

Rule. As 64 is to ^ pounds; so is the cube •! 
the dianieter, to the weight. 

Exampli !• What is the weight of an iron balt^ 
whose diameter i^ 3| inches f 

^— ■■^— — i— — I ■■ " *i« ■■■■■■■■■ I ■ I ■ ■ 

r 

* Mr. yobn ^ohirtwn^ late librarian to tlie floyal Society, and 
author of a Treatise on Navigation, found \j experiment, tki^ft 
the specific gravity of Rmng men is something less than that ii 
common water. The average specific gravity of ttn men of dif. 
ferent sizes, from 6 iect a inchestto 5 feet 3 inches, and weigh- 
ing from 161 pounds, to 132 pounds, was 891, the average 
^ight of the men was X4&||0Hndt. See the Philosophical Trm%- 
actions, vol. 1. art. 5. 

f These may be found by their specific gravities \ but they 
may be determined more simply, V^ having the weight and di- 
mensions of one eiven ; because the weights are as the cubes of 
the dumeters. IhUiday, in his Gunnery^ p. J15, second edition, 
has given a table of the weights of iron and leaden b^lla, from 
1^ to 7 inches in dia^ietcr. The weight of a^ iron bail of 4 UMcbes 
in diameter, is 9 pounds avoirdupois ; «and that of a IcadcA baU 
of 4^ inches in diameter, is 17 pounds. 

The methods of piiing bajls ^d sheUf, finding the ^uviCity^ 
of powder a shell, hollow cylinder, or ho%^ will hold, form no 
essential part of mensuration, and are useless except in an arttnal^ 
for which reason they are omitted ii^^his XK^Ct T^ subj.ect 
is amply trvt«^ •f ^7 ^llfidty, 

3-5 X 
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3*5 X 3*5 X 5*5 = 42-875, cube of the^4ui» 
meter. 

Then, 64 : 9 pounds :: 42*875 : 5*0293 pounds, 

tbe weight. ^ ... 

2. The diameter of an iron shot is 7 inches, re* 
quired its weight. Ans. 48*234 pounds* 



PROBLEM XXXVIIL 

The Diameter of a Leaden Ball being givetiy foJindifS' 

freight. 

Rule. As 289 is to 64; so is the cube of the 
4iaineteFy to the weight. 

Example 1. What is the ^xight of a leaden balF 
of 3^ inches in diameter ? 

3-25 X 3-25 X 3*25 = 34*328125, cube of thot 
flJAroeter. 

Then 289 : 64 : : 34-328125 : 7*6 pounds, the 
weight required. 

2. The diameter of a leaden ball is 5| inches, re^ 
i^uired its weight. . Am, 42*1 pounds^ 

PROBLEM XXXIX. 

The Weight of an Iron Ball being given^ to Jind it% 

Diameter. 

Rule. As 9 is to 64, so is the weight to the; 
cube of the diameter; the cube-root will be thr 
diameter. 

Or, the diameter is equal to ^ of the cube-root of 
3 times the weight. ' 

Example 1. The weight of an iron ball is 42 
pounds^ what is its diameter ? 

^ iZA ^^ 42 X 64 64 

9 ; 64 :: 42 ; -— .=r — x 126. 

Theik 
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5 ^ ^a " ' " ' ^^^^ 

thea V 55 X 126 ■= | ^126 = 6*6844 

inchei* 

2. An iron ball weigfas 24 pounds, wliat is its 
diameUr ? ^^ 

Ann. f V'72 3= 5'546«9 pounds. 

PROBLEM XL. 

Tht Weight of a Leaden Ball being given^ tojind i$9 
« Diameter. 

RuLB. As 64 is 289, so is the weight to4h« 
cube of the diameter; the cube-root will be the 
diameter. 

Or, multiply the weight by 289, and one-fourth 
•f the cube-root will be the diameter. 

Example 1. The weight of a leaden ball is 42t^ 

pounds, what is its diameter ? 

.^ , ^21 X 289 
64 : 289 :: 42-1 : — 



64 
3 

64 ^ 64 

J -V42i X 289 == i ^12106-9 = 5*7499 
inches* 



Then^ 1^ =-V^7r.X 42-1x28^ 



H 

2. The weight of a leaden ball is 8 pounds, what 
is its diameter ? ^^s. \ ^289 = 3-305744 inches. 

PROBLEM XLL 

Tlu external and internal Diameters of qn Iron Shell 
being given, to find its Jf eight. 

Rule •. From the square of the sum of the two 

* Demonstration. Let o iz the external diameter, and d zz. 
the internal diameter, then (by rule Prob. XXXVII.) -j^ d3 -^ 
-^^ di will be the weight of metal, = -g y X ^1)3 — </3) -; -^ 

(o«— 1^}» whish is the nils. 

iliametersy 
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diameters, ti^e their prodact, moIGpIj fhe CBtnainder 
hy tbe diiereQce of the diaiMtefty «sd ^ of flie re- 
sqU will ft>e the weight. 

Example 1. \Vhat is the weight of a IS inch iron 
^omb shell, the metal being 2 inches thick ? ' 

First, 13 "^^ 4 = 9» the internal diameter. 

Then TF+^* — (13 X 9) = 484 — 117 = 367 
lemainder, and 367 X (13 — 9)= 1468; which, 
multiplied by 9, and divided by 64, gives 206*437 
pounds. Answer. 

2. The external and internal diameters of an iron 
abell are S'S and 7 inches, what is the weight ? 

.dfst* 84fl2 poondStf 
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The Peieripiio9 of the CARYEKTBRji Hvj^t^ MtMHi^ 

I. 9? VLB CARVIIif^llllA ftVIA* 

jThIS rule it go|)e|-ally rm^ in mcusunng of timbeCt 
.i^nid ptifi^ers wprM; QPt only in ^akiiig dimeo«ioni^ 
J^ut ip cafttipg ^p t))e cpptenis of mcb wori(. 

It con^ifl^ of two^quaJ pieces of jbox, eacli one 
fqot ip Wngth, coi)iw:t#ri tpgethrr by ^ folding joints 
in one of these equal pieces tb^re is ft slidf r* and^ 
four lines 9i|krked 4t the right-bg»nii a, s, c, d; |wo 
of these linesj 9, c, are upon the slider^ and ttbc othfr 
two, 4y D, upon the mlc. 

Three of these lines, viz. a, ^,c, are called Houbte 
)ines, because they proceed from 1 to 10 twice ovw ; 
these three lines are all exactly alike, both in iiujn^ 
hers and division. They are nurnberecl from tba 
left-hand towardjs \\ie right 1, 3, 3, 4, 5« 69 7, By 9^ 
I which stands in the middle ; the auipl^rs then go 
00 2, 3, 4, 5, 6, 7» 8, 9y 10 which standi at th^ xi^ 
hfuid end of the rule« 

These numbers have no determinate value of their 
owuy but depend upon the value you set «hi the fuiii 
fit the left-hapd of this part of the rule; thus if jrou 
€^\\ it ly the 1 in the middle will be 10, tbe other 
ig^r«s wbicli follow will be $0, 30, &c. aad tb« K> 
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at the right-band end will be 100. If joa call tbt 
int, or left-band unit 10, tbe middle 1 m'Al be 100, 
and tbe following figures will be 200, 300, 400, Sec 
and tbe 10 at tbe rigbt-faand end will be 1000. Or, 
if yon call tbe first, or left-band onit, 100, the mid- 
dle 1 will be 1000, and the following %Qres 2000, 
SOOtf, 4000, &c. and tbe 10 at tbe right-hand 10,000. 
Lastly, according as you alter, or number, tbe large 
divisions, so yon must alter the small divisions pro- 
portionably. 

The fourth line d, is a single line, proceeding 
from 4 to 40 ; it is also called tbe Girt»JUme^ from 
Its «se in casting up the contents of trees and timber. 
Upon it are marked w o at 17*15, and a c at 18*95, 
tbe wine and ale gauge points, to make it serve the 
purpose of a gauging rule. 

Tbe use of the double lines a and B» is for work* 
ing the rule of proportion, and finding the areas of 
plane figures. And the use of the girt'Sne D, and 
.the other double line c, is for measuring of timber. 
On the other part of this side of tbe rale, there is 
a table of the value of a load, or 50 cubic feet, of 
timber, at all prices, from 6 penee to 24 pence, or 
two shillings, per foot. 

On the other side of the rule are several plane 
scales divided into 12th parts, marked inck^ |, |, 
|, &c. signifying, that the inch, i inch, &c. art 
each divided into 12 parts. These scales are useful 
for planning dimensions that are taken in feet and 
inches. I'he edge of the ruler is divided into inchcS| 
and each of xhebu inches into eight parts, represent- 
ing half inches, quarter inches, and half quarters. 

In this description we have supposed tbe rule to 
be folded ; let it now be opened, and slide out th« 
slider, you will find the back part of it divided like 
the edge of the rule, so that all together will mea- 
sure 1 yard or 3 feet in length. 

Some rules have other scales and tables upon 
them ; as a table of board measure, one of timber 
aieasure ; a line for shewing what length for any 

brcadtk 
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breaiUh will make ■ foot square; also a line shew- 
ing wliat length for any thickness will make a sulid 
Joot: ihe former line serves to complete the table 
of board measurC) and the latter the tahle uf timber 

'I'hc thickness of the rule is generally about a 
quarter of an inch ; this face is divided into inches 
and tenths, and numbered, when the rule u opened, 
from the right-hand towards ihc left, 10, 20, 30, 40, 
he. to too, which falls upon the joint; the other 
hiklf is numhered in the same manner, and the same 
way. This scale serves for taking dimensions in 
feet, tenths, and hundredths of a. foot, which is tha 
most coinmudious way of taking dimensions, whi.n 
the contents are cast up decimally. 

Tie Use of tie Slidino Rcli. 
PROBLEM I. 

To multiply Numbers together, as 12 and iff. 

Set 1 ou B, to the multiplier (13) nn a; the* 

against the multiplicajid (iff) on b, stands the pro- 

duct (193} on a. 

2. Find Ihe Product 35 and Ip. 
Set 1 on D, to the mulliplicai.d (35) on a ; then 
because 19 un b runs beyond the rule, I look for 
1*9 uji B, and against it oji a, I find ffff-5 : but the 
iful muliiplier was divided by 10, therefore tha 
pniduct t6-5 must be multiplied by 10, which is 
■lonfi by Inking away the decimal point, so the pro- 
duct is 665. 

PROBLEM II. 
To divide one Number by another, as 36ll by \2, 

Set the divisor (12) on a, to 1 on B; then against 
" ' '' ' '" ' '"'■■■' n 4j standi the quotient (30) 

8. Divide- 
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i2. Divide 76BO hy S4u 

^et Hi€ diTisor (24) on a, to 1 ort b; then becaTise 
7^60 is not ccmtaiiied on a^ I look for 7^ on ii, 
and against it I find 32 on b, the quotient; font be- 
catne one*tenlh of the dividend was taken to make it 
*fall inritliin the comfmss of the scaie a, the qootieal 
«l«ist be iDuUlplieci foy 10« which gives 320. 



PROBLEM HI. 
T<9 square anjf JViBrnkr, at t?5« 

Set 1 upon c4o 10 «pen d ; then ohtertef Anrt 
if you call the 10 upon d, 1^ the 1 on c will be 1 ; 
if you call the 10 on b, 10, then the 1 on c will 
be 100 ; if you call the 10 on b, 100, then the 1 on 
c will be 10000, &c. This being well understood, 
you will observe that against every oimber ob b, 
stands its square on c. ^ 

lllut against 25 stands 6^5 

against 30 'Stands 900 

against 35 stands 1925 

against 40 stands ]600 
Reckoning the 10 on b, to be 10. 

PROBLEM IV. 

To titrad the Square Root qf a STumier. 

Fix the slider exactly as in the preceding Pro- 
blem, and estimate the value of the lines d and c in 
the same manner ; then against every number found 
Qti c stancU its square root on d« 
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TUZ. CAMPBintn* BrtfLI« ifil 



PROBLEM V. 

Tojind a mean PropoptSonal beiween two given 
Numbers, as 9 ond 25. 

Sot the one number (9) on c, to ihe same (9) on 
D ; then against 25 on c, stands 15 on D, the meaii 
{^roportioniil sought. 

For, 9 ^. 1& : : 15 : 35* 

« ^ ■ 

2. What h tke'^ean proportional between 29^- 
and 430 ? 

Set 29 on c^ to 29 on D ; this being done, you 
will find that 450 on c wiH either fall beyond th« 
scale D, or it will not be^ contained on c« There^ 
fore take the 100th part of it, and look for 4'S on' 
C; and against it oq.d staudfr 11*2, which tnuitipiy 
by 10, and- 112 is the mean proportional required. 

PROBLEM VI. 

Tojind a fourth Proportional to three Numbers; pr, 
to perform the Rule of Three, 

Suppose it were required to find a fourth propor- 
tional to 12,.28, and 57' Set the first term (12) on 
B to the second (28) on a ; then against the third 
term (57) on b stands the fourth (133) on a. 

If either of the middle numbers fail beyond the 
line, take one-tenth part of that number, and in- 
crease tbe answer 10 times. 

Note. The finding a third proportional between 
two numbers is exactly the same, for in such cases 
the second number is repeated to form the third : 
thus the third proportion to 12 and 28 is 65'33, 
and is thus found 12 : 28 : : 28 : 65*33, viz. set 12 
•n B, to 28 on A ; then against 23'oii b stands 6'5*3 
#n A. 
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II. OF TIMBER MXA8V&E. 

PROBLEM I. 
Tojind the superficial content of a hoard or plank* 

Rule. Multiply the length by the breadth. 

Note. When the beard is broader at one end 
than the other, add the breadth of the two ends to- 
gether, and take half the sum fc^ a mean breadth. 

By the Carpenters Rule* 

Set 12 on B to tlie breadth in inches on a ; then 
against the length, in feet, on B, you will find the 
superficies on a, in feet. 

Example 1. If a board be 10 feet 6 inches-long^ 
and i foot S inches broad ; how many feet are coa- 
tained in it? 

By Decimals. By Duodecimals. 

Feet. Feet. In* 

10-5 10 : 6 

1-25 1 : 3 



525 
210 
105 


10 : ^ 
2:7:6 




13 : 1 : 6 Ans* 


13*125 {ect^ Am 







By the Carpenters Rule., 
•As 12 on B : 15 on a : : 105 on b : ]3| on A. 

2. What is the value of a plank, whose length 
is 8 feet 6 inches, and breadth throughout 1 foot 
3 inches; Ht 2fd. per foot ? Atts. 2 shill. 2|d. 

3. Required the superficies of a board, whose 
mean breadth is 1 foot 2 inches, and length 12 
feet 6 inches ? Ans, 14 feet 7 inches. 

4 4. Having 
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4. Having occasion to measure an irregular ma- 
hogany plank of 14 feet in length, I found it ne- 
cessary to measure several breadths at equal distances 
from each other, viz. at every two feet. The 
breadth of the less end was 6 inches, and that of 
the greater end 1 foot; the intermediate breadths 
were 1 foot, 1 foot 6 inches, 2 feet, 2 feet 1 foot, 
and 2 feet : How many square feet were contained 
in the plank i - 

Ana, 19| feet; — mean breadth II- feet, found by 
dividing the sum of the breadths by their number. 

5. Required the value of 5 oaken planks at 3d. 
per foot, each of them being 17| feet long; and. 
their several breadths as follow; viz. two of 13|: 
inches in the middle, one of 14f inches in the 
middle, and the two remaining ones, each 18 inches 
at the broader end, and 11| inches at the nar^' 
rower? Ans. £i 5 Sj 

PROBLEM II. 

Given the breadth of a rectangular plank m inches , to 
Jind how much in length will make a Jbot, or any 
other assigned quantiti/. 

Rule. Divide 144, or the area to be cut off, 
by the breadth in inches, and the quotient will be 
the length in inches. 

Note. To answer the purpose of the above rul^, 
some carpenters rules have a little table upon 
them, in the following form, called A table of"* 
board measure. 






1 





1 5 1 j 8H 6 1 Inches ] 


12 1 


6 


4 


3 1 2 1 2 1 1 


1 Feet 


H 2 . 


3 1 4 1 5 1 6 1 7 


8 Breadth 



This table shews, that if the breadth be 1 inch, 
Ihe length muit be 12 feet ; if 2 inches, the length 
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i»6feet; if 5* inches broad| the lengtii i» ^ feet 5 
inches, £bc« 

1$ the breadth be not contnhied iiv the table ofr 
the rule, shut the rule, and look* fdr the breadtk 
in the line of beaird measupp^ which' runs along-the 
rule from the table of boai<d mealurey and over 
against it on the opposite ^ide, in the scale of inches^ 
is the length required. Thus- if th«, breadth- be 9 
inches, you will find the length against 15 iuobes-: 
if the breadth bo 1 i inches, y»u wHl find the length 
a little above 13 inches,' &er 

Example !• If aboard ]ie 1$ inches broad; hor 
many inches in length will mdke a foot ? 

Ans. t'SS inchei. 

2* From a mahogany plank ^6 inches broad, a 
yard and a half is to be cut o£f; at what distanct- 
^from the end roust the line be struck ? 

Ans. 7^*7692 inches, or 6*23 feet. 



PROBLEM III. 

Tejind' the solid Content of squared^ w four sided 

Timber. 

Rule 1 *. Take half the sum of the breadth 
and depth in the middle {viz, the Qumiir Girt)^ 

square 
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* The Jirtt rule is the tustomary met tod, and is cei'talnly I'a. 
iirtct when the mean breadth and depth differ materiftUj fim* 
each other, and the timber does net taper : in such cases^thtf 
si€9md rule should be used, as being corrtct. But this second 
rul^is likewfise subject to error; for, if the' timber taper cm- 
tiderabiy^ and the breadth and depth be nearly equal* it is more 
erroneous tfaan>tbe first. The third rule is perfeetlf correct 
whether the- timber be of equkl breadth and depth throiighovt^ 
or Uperre|^>»rly. Let b and h be the brbadths of the two eads» 
» and d the depths, and l =z the length $ then a d zz area of 

the f reaw end abd b d that of the less, also li- x ^ "**— X 

% a 

4 = 
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square this half sum and multiply it by the length, 
the product will be the content. 

Btf the Carpenters Ruk* 

As 12 o» D : length on c : : Quarter girt on 9 s 
tolidity OH c. 

Rule 1L Multiply the breadth in the middle by 
the depth in the middle, and that product by the 
length for the solidity. 

Note, U the tree taper regularly from one end 
to the other, half the sum of the breadths of the 
two ends will be the breadth in the middle, and half 
the sum of the depths of the two ends will be the 
depth in the middle. 

Rule III. Multiply the sum of the breadths of 
the two ends by the sum of the depths, to which 
Aikl the product of the breadth and depth of each 
end; one-sixth of this sum mulliplied by the length, 
will give the correct fcolidily, of any piece of squared 
timber tapering regularly. 

Example 1. If a piece of squared timber be 2 
feet 9 inches broad, 1 foot 7 inches deep, and l6 
^fc9t 9 inches long, how many solid feet are con* 
taincd therein f 



4 rr four timei the area o f the m id dle sec tion zz (b + ^) X 

(D + i), hence i(BD + (b+* X d + ^) +^^) X l = th# 
Wli^typ which is the third rule. Sec the Note to Prob. X. 

p. , J4. t'-fO X(P + ^1 * X L = the lolidity by the frit 

4 

rule ; ••^ — ^ X — -^ X L := the solidity by the iecwd nJk 

<% 9, 



sj 
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Sif Rule 1. 



Ft. In. 

2:9 
1:7 

S)4 : 4 Sum 

2 : 2 quarter girt 
2:2 



4:4 

4:4 

4:8: 4 square of ditto 
16: 9 length 

75 : 1 : 4 
3:6:3 



78:7:7 solid content. 



Ft. In. 
2 : 9 breadth 
1 : 7 depth 

2:9 
1:7:3 



4:4:3 ])roduct 
16:9 length 

69:8 
3:3:2:3 



72 : 1 1 : 2 : 3 solid coat. 



Note. The answer by rule II. is correct in this 
example. 

B^ the Carpenters rule^ 

As 12 on D : I6J on c : : 26 oa d : 78f on c. 

2. A squared piece of timber is 15 inches broad, 
15 inches deep, and 18 feet long^ what is its soiidit)? 

Ans |28f feetbyralel. K,„^^ 
"^"*- \ The same by rule 2. j ^*''^^- 

3. If a piece of squared timber bd 25 inches 
square at the greater end, 9 inches square at the 
less, and 20 feet long, how many feet of timber are 
contained therein ? 

40-138 feet by rule 1, the quarter girt 
J J being 17 inches. 

43*10185 feet by rule 3, correct. 

4. If 



4. If 8 piece of squareil timber be S2 incber 
broad and ^0 inciK s deep at the greater end ; 10 
inches broad and 6 inches deep at the less end, and 
18 feet in length, how many feet of timber are con- 
tained therein ? 

r 36*125 feet by rule 1, quarto* girt 17 
J J inches. 
^'*'* ■) 34-125 feet by rule 2. 

1 37*333 feet by rule 3. Correct. 
7. A piece of squared timber is 30 inches broad 
and 18 inches deep at the greater end; 15 inches^ 
broad and 7 inches deep at the less end, and 30 fee^ 
long, how many square feet of timber are contained 
iu it? 

C 63*8 feet by rule 1, quarter girt 175 inche^. 
Jns, < 5S\59375 feet by rule 2. 

t6l'4583 feet by rule 3. Correct. 

PROBLEM IV. 

To ^find how much in length will make a solid footy of 
any other assigned quantity^ of squared iimbcry qf 
equal dimensions froin end to end. 

Rule. Divide 1728 the ^olid inches in a foot, 
or the solidity to bt» cut off, by th»? area of the rnd 
in inches, and the quotient will be the length in 
iuches. 

Note. To answer the purpose of ihe above rule, 
some carpenters rules have a little lable upon th(Mn, 
iji the ibllowing form, called a tabic of timber mea^^ 
tur^. 



o I o I o |o|9|o|ii|3|q} inches j 



i44l ?6p6 I 9 I 5 i4 



I * I 3 I 4 I 5 I 6 



2 I 2 I I I trrt 



7 I 8 I 9 I side or the squatc, 



This tabli' shews, that if the side of the square be 
1 inch, the length must be 14i fiet ; if 2 inches be 
the side oi the square, the length .must bo 30 feet, 
t(^ make a solid foot. 

I 2 If 
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If the Side of the square be not in the little fable, 
look for it in the line of timber measuie running 
n^ong the rule from the table, and against it, in the 
line of inch^, is the length required. Thus, if the 
«ide of the square be l6 inches, you will find the 
length to be 6 inches and 7 tcntfans. 

Example 1. If a piece of timber be 18 inches 
«qujarey how much in length will make a solid foot ? 

AfA, &y inches. 

2. If a piece of timber be 22 inches broad, and 
15 inches deep, bow much in length will make a 
fiolid foot? Am. 5*23 inches. 

PROBLEJM V. 

To find tTie iolxdity ofrotmd or unsquared timber. 

RCLE L 

Gird the timber round the middle with a string; 
•ne-fourth part of this girt squared and multiplied 
by the length will give the solidity. 

Noie, If the circumference be taken in inches, 
and tlic length in feet, divide the last product by 

Rule II, by (he Table, 
Multiply the area corresponding to the quarter- 
girt in inches, by the length of the piece of timber 
in feet, and the product will be the solidity. 

Note. If the quarter girt exceed the table, take 
half of it, and four times the content thus found 
will b^ the answer. 

Rule III, by the Carpaiters Rule. 
Measure the cii^cun^fercnce of the piece of tim- 
ber in the middle, and take a quarter of it in inches, 
call this the girt. 

Then set V2 on d to the length in feet on c, and 
against the girt in inches on Dp you will find the 
content in feet m c. 

If 

9 



If 8 tree be very irregular, or if H be much 
imaller at one end than at the other, divide it into 
several fengths, in mch a manlier that each lengtk 
may be as. nearly cylindrical as possible, and mea- 
sure each part separately* 

The girt of a free is generally taken with a small piece of 'whip- 
cord, having a knot upon it, the girt is doubled twice, or divided 
into four equal parts, and then applied to a carpenters rule> the 
number ef inchts contained in it, is the quarter girt. Out of this 
quarter girt anr allowan,ce is made for bark, tnui. for ash, beech, 
and lime, about half an inch, for oak and elm from one inch to 
two inches according to the thickness of tht bark, which in a 
great measure depends on the age of the tree. The deductid» 
iBust be taken from the wboU quarter girt, whatever may be its 
extent. 

The luyer is allowed to take the girt any where between tbv 
greater end and the middle of the tree if it taper regularly, and 
the two ends do not very materially differ from each other ; but 
when there ii a great difference between the two ends, th« 
Bt/lir will h^ve the tree measured in two or three separate 
lengths, and the girts taken at the middle of each length. 

All branches wher^ the quarter girt 'is not less than % inches* 
are reckoned as timber; and any part of the trunk less than 24 
inches in circumftfcnce is not considered at tiaber, and is ge» 
Mfally cut ofll 
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A TABLE for measuring TIMBER. 



Quarter 




Quarter 


1 


Quarter 




1 


ARSA. 


* « 


AUEA. 




AREA. 


1 GIRT. 




GIRT. 




GIUT. 




Inches. 


Feet. 


Inches. 


. Feet. 


Inckei. 


Feet. 


6 


•250 


12 


1 '000 


18 


2-250 


61 


•272 


12i 


PC42 


iSf 


2376 


6f 


'2iJ4 


12^ 


1-085 


19 


2-506 


64 


•317 


lii 


M29 

1-174 


191 


2-640 


7 


•340 


13 


20 


2777 


7^ 


•364 


134 


I-2J9 


20J 


2-917 


7| 


•390 


134 


1-26*5 


21 


3062 


74 . 


•417 


134 


1'313 


2lf 


3-209 


8 


•444 


14 


1-361 


22 


3-362 


' 8{ 


•473 


}4i 


1'4»0 


nk 


3*5t5 


84 


•501 


Hi 


1-460 


23 


3-673 


•531 


144 


1-511 


23f 


3-335 


9 


•562 


15 


1-562 


2* 


4-000 


9i 


•594 


15i 


1-615 


24.i 


4-168 


9i 


'6^6 


15: 


1-66S 


25 


4-340 


Si 


•659 


154 


1-722 


251 


4-516 


10 


•694 


16 


1-777 


26 


4-694 


lOj 


•730 


i6i 


1-833 


26i 


4-876 


•0^ 


•766 


161 


rs9o 


27 


5-062 


104 


•803 


164 


1-948 

•s. 


271 


5-252 


ji 


840 


17 


2-006 


28 


5-444 


Hi 


•878 


174 


2-066 


28f 


5-640 


Jlf 


•918 


17^ 


2-126 


29 - 


5-840 


114 


'959 


174 


2^187 


29i 


6-044 


i 
1 








30 


6-250 



Example 
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Example 1, If a piece of round timber be 18 
feet long, and the quarter girt 24 incheS| how many 
feet of timber are contained therein ? 



24 quarter girt 
24 



96 
48 



576 square 
18 



4^08 
576 



144)10368(72 f«et. 
J008 



Bj( the Tabk. 

Againsl 24 stands 4*00 
Length IB 



^r 



Product 



79.00 



Am* 72 ftect. 



288 
288 



By the Curpeniers Rule* 
l^onJ) : 18 on c : : 24 on m ; 72 M C* 

2. If a piece of round timber be 20 feet long, and 
the quarter girt be 2i^ inches, what is the solidity ? 

Ans. 64*2 feet. 

3. If a piece of round timber be 24 feet long, and 
the quarter girt be 17*7^ inches, how many feet are , 
contained therein ? Ans. 52*51 feet. 

4. How many solid feet are contained in a tree 
whose length is 17i feet, and girts in five places, 
viz. in the first 9*43 feet, in the second 7'9^9 in the 
third 6*15, in the fourth 4*74, and in the fifth 3'l6 
feet? 

Am. The meao girt is 6*28 feet| content 42*52 
feet. 

X 4 5. Tb« 



t76 
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5. The dimensions of four elm trees, cut down m 
the Royal Gardens at Kensington, and sold at 28«7d« 
per foot, arc as follow ; required the Content and 
Taluc. '^ 



Quarter Girt K^fitcnfl 



No. 



m 



I. 



II. 



III. 



IV. 



Lengfh. 



Feet, In. 
45 



17 10 
fi2 6 
13 



10 

17 

7 

14 



12 

17 
13 
16 
17 



Quarter 
Girt. 



Inches, 
20 



21^ 

12 

12 



33| 

27 

22 
14 



40| 
33| 
21 
21 

111 



\ttovn9g \\iH.fir hmrk. 



Inches, 
18i 



20 



32 
25i 
20f 
12| 



39 
32 
19* 

m 



infeet. 



•••••• 



Total 716-087 



i^*" 



7l6^ feet at 2s. 7d. per Foot amounts to £^2. 9s. 8d. 
Jinsuer. 



SCHOLIUM. 

The 5th Problem contains the whole substance of 
measuring round timber as practised by all timber 
xnerchants; and though the method has been no- 
ticed as erroneous by various writers £or nearly a 
century past, it still stands its ground ; nor does it- 
appear probable tliat it will soon be abolished. 

In 
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In measuring round timber by the foregoing me* 
thod of taking a quarter of the circumference in 
the middle, for the side of a mean square; it is- 
objected that it makes the content too little^ and that 
such timber ought to be measured as a cylinder^ or 
the false content should be increased in the ratio of 
•0625 to -07958, or as 11 to 14. 

Bat this objection is answered by saying, that be-' 
fore the wood can be squared, and made fit for use, 
a great part of it goes to waste in chips, and there- 
fore the quantity of round timber ought to be 
reckoned no more than what the inscribed square 
will amount to. Now, if the circumference be I, 
the area of the section- will be '079^8, the square 
of the quarter-girt '06^5, and the side of the in- 
scribed square *2251, the square of which is *05067. 
Therefore to make the content by the inscribed- 
square correspond with the cylindrical content, it 
ought to be increased in the ratio of '05067 to 
'07958, or 7 to IJ, which is a greater increase than 
Jl to 14, and therefore instead of the content by 
the quarter-girt being too Uttle^ it is on this conside- 
ration too much% 

Again, when you take the mean girt of a tree,. 
it is very probable that the tij^e is not perfectly 
circular in that place, and the more it differs from a 
circle the greater the quarter-girt will be; so that 
if you were to measure such a tree as a ct/Under^ by 
the proper rule for that purpose, the content would 
in reality be too much, on account of the error in 
taking the girt. 

It is likewise objected, that in rotmd tapering tim- 
ber, taking. the bide of a square in the middle of the 
piece nKikes the content too littUy and that even in a 
greater proportion than above. The answer given 
to this objection is, that in almost all cases the 
greater end must be cut away till it be of the same - 
dimensions as the le:»s end, otherwise the timber can- 
not be sawn into useful materials; and therefore 
there is no just reason for any objectiou to the rule 
ou this grouud. 

I 5 Th%: 
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The following rule, wliich was first given by Dr. 
Mutton^ in the year 1770, bas appeared in cvtry 
treatise on mensuration that has been published since 
that time. 

RuLK. •* Multiply the square f)f -f of the girt y or 
** circumference by imce the length, and the product 
'* will be the content (extremely near the truth )r 

When a pi ere of timber is perfectly cyh'ndrital, 
this rule is nearly true. It is said to be full as easy 
in practice, as the quarter-girt rule ; and the asser- 
tion is true with respect to finding the content of a 
piece of timber, but not so in taking the dimensioiis; 
for the measurer must cither fold his cord into five 
equal parts, which cannot be done very -expediti- 
ously, or he must measure the whole length of the 
girt by the cai'penters rule, which, when the tree is 
of large dimensions, will occupy more time than is 
usually allotted to business of this kind. It may btt 
said that the girt may be taken with a piece of tape 
divided into equal parts of ^se inches each, and these 
may be subdivided inta halves and quarters; but 
Ihere are very few purchasers of timber who will 
agree to the quarter girt being measured with tape. 

Another reason given for using this rule, is the 
preventing of the seHei's from cutting trees into dif- 
ferent lengths, so that the - parts, when measured 
separ^k'tcly, shall exceed the whole ; and rules have 
been Aujcionally investigated to shew ho\^ this may 
be effected *• 

Now 

mi mu ■ I ■ I .Ill • ■! I t I ■■ 

* I. If a piece ef round tapering timber be cut through, ex* 
actly in the middle, the two parts will measure to the most pos» 
sible, and their measurements, added together, will exceed the 
measurement of the whole, whether this rule or the quarter girt 
rule be used. 

2. If a piece of round tapering timber can be cut where tht 
girt if J of the greatest girt, the content of the part next tfce 
greater end so cut off, will be the greatest possible. If tht 
greatest girt be less than 3 times the least, the tree cannot be 
cut as re«iuired by this Problem. 

3. To cut a round tapering tree, so that the part next to tht 

jprcatcr 
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Now siBCe (his rule, as well qs the quarter girt 
rule, is insccuro^te Whien applied to the frustum of 

greater end may measure exactly to the same quantity as the 
whole measures to. 

To four times the sum of the g'rts of the two ends, add their 
difference, multiply this sum by the aforesaid difference^ and 
extract the square-root of the product. 

From this square-root take twice the sum of the girts dimi? 
nishcd ^ thear diffcrqace; the^ as the difference of the ^irtsu 
to half the length, so is the remain^, found above, to the lei^t^ 
which must |>e cur o^ from the smaller end. 

And half the aforesaid square-root, diminished by half the suoi 
^ the girts, will gire the girt at the section. 

Example i. Suppose a tree to girt 14 feet at the greater end, 
and % feet at the less, and that its length be 32 feet ) the middle 
girt is % feet, and the ivboU content, by the rule in this scholiumt 
will -be 163*84 feet3 and the two parts I54'8S and 32 feet, ei* 
ceeding the whole by 23 feet. 

2« Continuing the «ame example, wherein the greater ^ir<t is 
14 feet, less z feet, and length 32 feet. 

From the greater girt take 3 times the less, and divide the 
remainder by the difference of the girts, the quotient nv*ltiplied 
by I of the whole length, will give the length to be cut off from 
the smaller end. 

The distance from the less end is 79 feet> from the greater 

end a4if, the girt at the section 4| Ceet, content of the greater 
end, by the rule in this scholium, is 173*4479 feet, exceeding 
the whole by 9*6 feet. 

3. Continuing the same example, wherein the greater girt it 
14 feet, less 2 feet, and length 32 feet. 

The square-root mentioned in the third Note above, wiil be 
found to)ie 30*1993377 ; the length to be cut from the smaller 
end is 13*599] 169 feet,. and 18*4008831 feet fiom the greater 
end; girt at the section 7*0996688, middle girt between the 
section and the greater end 10-5^98344 feet, and the solidity, 
by the rule in this scholium, is 163*84, the same as the 
whole. 

The rules in this Note, though very curious, are of little use; 
for it seldom happens that a perston purchases a part of a tree : 
and wh^n a lo: of timber is bought, the buyer generally cuts the 
trees into such lengths as may be most convenient for his use. 
The example given in this Note is a very particular one j and 
if such a tree were to be measured, the jr//<r would divide it 
into four or five dKferent lengths, so as to make each length 
as near a cyUader as possible. See the 5th example in this 
PreblejOb 

16 a coucy 
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a cone, the seller may as easily deceive the buyer 
vrheii this rule is used, if he be so disposed, as whei 
the quarter-girt rule is used. 

For^ if « sss the girt, and L = the length, the con* 

tent by the old rule is -- x L, and by this rule it is •» 

4 5 

X 2 L. Now the maximum by the one rule, will 

invariably be the maximum by the other; and at 

the only case in which deception can be used, is 

when the rules are applied to the frustum of a concj 

where neither of them are true, it is plain that this 

rule will no more prevent the evil complained «f 

than the old one*. 



IfW OF CARPEirrERS AND JOINERS WORK. 

The Carpenters and Joiners works which are mea- 
sujable, are flooring, partitioning, roofing, wains- 
cotting, &c« 

I. Of Flooring, 

Joists are measured by multiplying their breadth 
by their depth, and that product by their length*. 
They receive various names according to the posi- 
tion in whicb Ihey are laid to form a floor;, such as 
trimming joists, common joists, girders, binding 
joists, bridging joists, and ceiling joistb. 

Girders and joists of floors, designed to bear great 
weights, should be let into the walls at each end 
about \ of the wall's thickness. 

In boarded flooring, the dimensions must be taken 
to the extreme parts, and the number of squares of 
300 feet must be calculated from these dimensions. 
Deductions must be made for stair-cases, chim« 
neys, &c. 

Example 1. If a floor be 57 feet 3 inches long, 
end 28 feet 6 inches broad ; how many squares of 
flooring are there u ikat room ? 
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My Dtdmais, 

28-5 

28625 
45800 
11450 



By Duodecimals 
P. I. 
57 : 3 
28 r fi 



456 






lU 






28 


: 7 


:6 


7 . 


: 


: 



100)1631*625 feet. 

Squares l6*3l625 1 l6l31 i 7 i 6 

Ans, l6 squares and 31 feet*. 

2. Let a floor be 55 feet 6 inches long, and 47 
feet 9 inches broad ; how many squares are coiv- 
taiaed in that door? Ans. 25 squares 54 feet. 

3. A floor being 36 feet 3 inches long, and 16 
feet 6 inches broad ; how many squares arc con- 
tained in it ? Ans. 5 squares 98 feet, 

4. In a naked floor, the grrdcr is 1 foot 2 inches 
deep, 1 foot broad, and 20 feet long ;. there are 8 
bridging joints, whose scantlings (viz. breadths and 
depths) are 3 inches by 6J inches, and 20 feet long;, 
8 binding joists, whose lengths arc 9 f^t, and scant- 
lings 8|- inches by four inches: the ceiling joists are 
24 in number, each 6 ft>et long, and their scantlings 

4 inches by 2^ inches* Required the solidity of the 
whole ? ^ Ans. 72 feet. 

5.. Suppose a house of three stories, besides the 
ground floor, viras to be floored at £6. 10s. per 
square ; the house measures 20 f^et 8 inches, by 
10 fbet nine inches, there are 7 firc-placcb, the mea- 
sures whereof are two, each of 6 feet by 4 feet 
6 inches ;: two others, each of 6 feet by 5 feet 4- 
inches ; and two, each, of 5 feet 8 inches by 4 feet 

5 inches ; and the seventh, 5 feet 2 inches by 4 
feet : the well-hole for the stairs is 10 feet 6 inches 
Wy 8 feet 9 : ^vhat will the whole come to ? 

Ans. £53. I3s. 3|4. 

2. Of 
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2* Of Partitiomr^, 

Boarded partitions are measured by the square in 
the same manner as flooring, and deductions must 
be made for doors and windows, excej)t they are in- 
cluded bj agreement. 

The strongest partitions are those made with 
framed timber, all the parts of which are measured 
as in flooring, except the king-posts, and these are 
of the same kind as in rooflng, an exaoople of which 
tvilJ be given in the next article. 

Example 1. If a partition between two rooms be 
in length 82 feet 6 iiiches, and in height 12 feet 
3 inches, how many squares are contained therein? 

Ans, 10 squares 10 feet, 

2. If a partition between two rooms be in length 
91 fert 9 inches, and its breadth 11 feet 3 inches; 
bow many squares are contained in it f 

Ans. 10 squares 32 ieet. 

3. Of Ro^ng. 

In roofing take the whole length of the timber for 
the length of the framing, and for the breadth gird 
over the ridge from wall to wall with a string. This 
length a!ul breadth must be multiplied together for 
the content. 

It is a rule also among workmen, that the flat of 
any house, and half the flat thereof, taken within 
the walls, is equal to the measure of the roof of 
the same house; but this is when the roof is of a 
true pitch. The pitch of every roof ought to be 
made according to i\i> covering, which in England is 
lead, pantilcs,plain-til(s, or slates. The u^^ual pitches, 
are the pediment pitch, used when (he covering is 
lead ; the perpendicular height is | of liie breadth 
of the building. . The common, or true pitch, where 
the length of the ralters arc | of the breadth of the 

building; 



buildtnje; this h meil w'hen the coviertttg is plfcin- 
tiles. The^oihic pitch, is when thfe length 6f th« 
priticipal rafters is equal to the breadth of the build- 
ing, forming an equilateral triangle ; ihis pitch is 
lued when the coverJBg is of pantiles. 

In the measuring df roo^vg for ^orkHiafisbjfi 
ialone, k\\ borles for dhrmney-shaftis lind sky-Hgh«i 
are generally deducted. But in measuring for work 
'and materfals, they coMmonly 'niea^are in all ^ky* 
lights, luthern-ligbts, and holes for the c^iniffiey- 
«hafts, on accoutit of tlmir trohblc aiNl waste ^ 
loaterids. 

Example !• If a house within the walls be 44 feet 
6 inches long, and 16 feet 3 inches bruad, how many 
squares of roofing will cover that house ? 



Bt/ Decimals. 
18-25 
44*5 

9125 
7300 
7300 


-Bj/ Duodecimals* 
f. 1. 
44 : 6 
18 : 3 


352 
44 

11 : I :S 

9:0:0 


Flat 812*125 
Half 406- 


The flat cSJ2 : 1 : 6 
The hah 400 

Sum 12|18 
Arts, 12 squares 18 £& 


100)1218* 
12-18 



2, \Vhat cost the roofing of a house at 10s. 6d. 
per square; the length, within iho wallij, biing 52 
feet 8 inches, and thi» breadth 30 ffeci 6 inches ; tha 
roof bemg of a true pitch? jltis. £i2. 12>. n|d* 

3. The roof of a house is of a true pitch: and 
the hoube measures 40 ieet 6 inches in lengthy 

within 
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witbin the walls, and 20 feet 6 inches in breadth'; 
]low many squares of roofing are contained therein ? 

Afu. 12'45375. 

Note. All timbers in a roof are measured in the 
same manner as in floors, except king-posts, &c. 
«uch as A in the annexed figure, where there is a 
necessity for cutting out parallel pieces of wood Ax)m 
the sides, in order that the ends of the braces B, 
that come against them, may have what the work- 
men call a square hutment. To measure king^pottt 
for workmanship^ take their breadth and depth at 
the widest place, an^d multiply these together, and 
the product by the length. To find the quantity of 
materials^ if the 
pieces sawn out 
are 2f inches 
broad, or up- 
wards, and more 
than 2 feet long, 
they are consi- 
dered as pieces 

of timber fit for use. In measuring these pieces^ 
the shortest length roust always be taken, because 
the sawing of them from the king. post, renders a- 
patt of them useless. The solidity of these pieces 
must be deducted from the solidity of the king-post. 
When the pieces sawn out are of smaller dimensions 
than above described, the whole post is measured as 
solid without any deduction, the pieces cut out being 
esteemed as of little or no value. 

4. Let the tie-beam d, in the above 'figure, be 
36 feet long, 9 inches broad, and 1 foot 2 inches 
deep ; the king-post All feet 6 inches high, 1 foot 
broad at the bottom, and 5 inches thick ; out of this 
post arc sawn two equat pieces from the sides, each 
7 feet long and 3 inches broad. The braces b, b, 
are 7 feet 6 inches long, and 5 inches by 5 inches 
square: the rafters e, b, are 19 feet long, 5 inches 
broad; and 10 inches de«p : the struts c, c, are 3 

fcei 
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fcct 6 inches long, 4 inches broad, and 5 inches deep. 
Required the measurement for workmanshipi and 
liicewise for materials ? 



F. 

31 
4 

2 
13 



6 : solidity of the tie-beam J>» 
9 : 6' soMdity of the king-post a. 

7 : 3 solidity of the braces b, l. 
2:4 solidity of the rafters s, x. 

11:8 solidity of the struts c, c* 



^ 



63 : 0:9 solidity for workmanship. 
1 : 5:6 solidity cut from the king-potti 

51 : 7:3 solidity for materials. 



4. Of Wainscaitingy ^c. 

Wainscotting is measured by the yard square, con- 
sisting of 9 square feet. The dimensions are taken 
in feet and inches; thus in taking the height of a 
room they girt over the cornice, swelling panncN, 
and mouldings, with a string, and for the compass 
of the roomj they measure round the floor. Doors> 
window shutters, and such like, where both sides 
are planed, aro considered as work and half; there- 
fore in measuring a room, they need not be de« 
ducted, but the room may be measured as if there 
were none ; then the contents of the doors and shut- 
ters must be found, and tke half thereof added t» 
the content of the whole room. 

IVindows, where there arc no shuUcrs, must be 
deducted; also chimnics, window-seats, cheek-boards, 
topheta- boards, linings, ^cc. must be measured by 
themselves. 

Windows are generally made and valued by thci 
foot superficial measure, and sometimes at so mucd 
per window* \Vhe«i they are measured, the dimen- 
sions must !>€ taken in feet and inches, from the 

under 
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under side of the sill to the upper side of the to|i- 
rally for the height ; and for the breadth, from oui« 
side to outside of the jambs. This length, multiphed 
by the breadth, will be the superficies. 

Weather-Boarding is measured by the yard square, 
and sometimes by the square. 

Stair-casei are measured by the foot superficial, 

find the dimensions are taken with, a string, girt 

over the riser and treads and thai kogtli:^ or girt, 

multiplied by the kngth of. the step^ wil^ give tl^/t 

jiuperficies. 

The r^il if taken at so much, per foot in Itngtk, 
according |o the diameter of the wellrliole ; urcLi« 
trave string-boards by the foot superficial j brackets 
.and strings at so much per piucfl, accordiug to tlit 
Workmanship. 

Door -cases are measured by the foot superficial, 
jand the dimensions must be taken with a string, girt 
round the architrave and inside of the jambs, Ibrtht 
breadth ; and for the length, add the length of th« 
Iwo jambs to the lengtt of the cap piece, (taking tfit 
breadth of the opening for the length) the product 
of these two will be the superficies. 

Fixtme-doors are measured by the foot. Or soma- 
times by the yard square* 

ModilUan cornices^ coves, &c. are generally mea« 
aured by ihu foot superficial. 

Frofifispieces are measured and valued by the foot 
superficial, and every part is measured separately, 
\\t, architrave, frieze, and cornice. 

The following articles are generally paid for by 
lin'oal measure, viz. beads, stops, artragals, cappings, 
/iilcts, boxings to windows, skirting boards, and 
water trunks! 

Example 1. If a room, or wainscot, being girt 
downwards over the mouldings, be 15 feet y incbei 
high, and i^6 feet 3 inches in compass; how many 
yardt> does that room contain ? 



5> 
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By Duodecvnals. 

V. I. 

126 : 3 
15 : 9 






631) 

63 

31 

3 



1 
6 
9 



6 

9 




1^)19^^ s 5 s 3 
Ans. 2!:0*8. 



By Decimals, 
126'25 
1575 

63125 
88375 
63125 
12625 

9) I988-4375 

220-8 

Ans, 220 yards 8 feet. 



2. If a room of wainicot bt; l6 feet 3 inches Ingb, 
and the compass of the room 137 feet 6 inches; liow 
many yards are contained in it ? 

Ans, 948 yards S feet. 

3. If the window shutters about a room be 69 feet 
finches broad, and 6 feet 3 inclies high ; how mdny 
yards are contained therein at work and half? 

Ans. 7^*^56 yards. 

4* What will the wainscotting of a room come to 
at 6 shillings per square yard, supposing the height 
of the room, including the cornice and moulding, 
be 12 feet 6 inches, and the compass 83 feet 8 
inches; three window.hhuttersy euch 7 feet 8 inches 
by 3 feet 6 inches, and the door 7 feet by 3 feet 

6 inches ; the shutters and doors being worked oti 
both sides, are reckoned work end half? 

Ans. £36. 12s. 2|^« 

5. A rectangular room measures 129 fe^t 6 inches 
round, and is to be wainscotted at 3s. 6d. per square 
yard : after due allowance for girt of cornice, &c. 
It is 16 feet 3 inches high ; the door is 7 feet by 3 
feet 9 inches; the window-shutters, two pair, are 

7 feet 3 inches by 4 feet 6 inches; the cheek-boards 
round them come 15 inches below the shutters, and 
are 14 inches in breadth ; the lining-boards round 

tke. 
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the door* way are l6 inchea broad ; the door an^ 
window-skutters being worked ou both sides, are 
reckoned as work and half, and paid for accord- 
ingly ; the chimney 3 feet 9 inches by 3 feet, not 
being enclosed, is to be deducted from the superfi- 
cial content of the room. The estimate of the chargt 
is required. Ans. £4fS^ 4s« 6(6, 



IV. OF BEXCKLATSHS WORK. 

The principal is tiling, slating, walling, and ckioK 
»ey*work. 

I . Of TtUng, or Slating. 

Tiling and slating are measured by tbe square tf 
100 feet, as flooring, partitioning, and roofing weie 
in the Carpenters work ; so that there is not muck 
flifference between, the roofing and tiling; yet tbt 
tiling will be the most ; for the bricklayers some* 
times will require to have double measure for hips 
and valTeys* 

When gutters arc allowed double measure, tlie 
way is to measure the length along the ridge-tilcr 
and add it to the content of the roof: this maktsan 
allowance of one foot in breadth, the whole length 
of the hips or valleys. It is usual also to al|k>w 
double measure at the eaves, so much as the pro- 
jector is over the plate, which is commonly aboat 
18 or 20 inches. 

Sky-lights and chimney-shafts arc generally de* 
ducted, if they be large, otherwise not. 

Example 1. There is a roof covered with til«i 
whose deptii on both sides (with the usual allowance 
at the eaves) is 37 feet 3 inches,, and the length 46 
feet; how many squares of tiling are contained 
ijierein? 
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By Duodecimals* 

F. I. 

37 : 3 
45 : 



I 



185 
148 
11 : 3 

16\76 : 3 



ByDecimak. 
37'2S 
45 

18625 
14900 

16176-25 



jins, l6 squares, 76 feei. 

6. There is a roof covered with tiles, whose depth 
ffn both sides, (with the allowance at the eaves) is 
55 feet 9 inches, and the length 43 feet 6 inches ; 
how many squares of tiling are in the roof f 

Jns» 1 5 squares 5S feet* 

5* What will the tiling of a barn cost at £i . 5s. 6d, 
|)er square, the length being 43 feet 10 inches, and 
breadth 27 feet 5 inches, on the flat, the caves pro* 
jectiug l6 inches on each side / Ans. £2^. 9s, S^kU 



% OflVaUifig. 

' Bricklayers commonly measure their work by the 
rod of l6| feet, or 272^ square feet. lu some places 
it is a custom to allow 18 feet to the rod; that is, 
324 square feet. Sometimes the work is measured 
by the rod of 21 feet long and 3 feet high, that is, 
63 square feet ; and then no regard is paid to the 
thickness of the wall in measuring, but the price is 
regulated according to the thickness. 

When you measure a piece of brick-work, the first 
thing is to enquire by which of these ways it must 
be measured ; then having multiplied the length and 
breadth in feet tf>gether, divide the product by the 
proper divisor, viz. 272*25 ; 324; or 63; according 
to the measure of the rod, and the quotient will b« 
th« answer in sqa(u:e rods of that measure. 

But 
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But comtiionly bfick wnlls that are measuMd by 
the rod, are to be reduced to a standard thickness 
of a brick and a half, which may be done by the 
following . • 

RULE. 

Multiply the number of superficial feet that are 
contained in the wall by the number of half bricks 
which that wall is in thickness; one third part of 
that product will be thecontcnt in feet. 

Tijte di«ie«sions of a building arc generally taken 
by ifneasiiring half round the outside and half round 
theinskle, tor the whole length of the wall; this 
length, l^eing multiplied by the height, gives the 
^uper6cie6. And to reduce it to the standard thick* 
ncss, &c. proceed as above. All the vacuities, suck 
.as doors, windows, winddw-backs, kc» must be 
deducted. 

To measure any arched way, arched-window, er 
door, &c. take the height of the window, or door, 
from the crown or middle of the arch, to the bottom 
or sill ; and likewise from tbc bottom or sill to the 
spring of the arch, that is, where the arch begins to 
turn. Thvn to the latter height, add twice the 
former, and multiply the sum by the width of the 
window door, &c. and j- of the product will be the 
area, sufficiently near for practice. 

Example 1 . If a wall be 72 feet 6 inches long, and 
19 feet 3 inches high, and 5 bricks and a half ihick; 
how many rods of brick-work are contained therein, 
when reduced to the standard ? 



MH 



MiactAtm ynt&MMi 



i9% 



19 25 
72*5 



I 



9^25 
3850 

13*75 

■I • n ■ ■ 11 

1395*625 
11 

.3) 15351-875 






«72'25)5117*291(l8Eods 

' ■ ■■ 

239479 



68-06)2 lb-7 9(3 quarters 

'■ '111 

12-61 feet. 



Ay DuodedHiidik 


V. 


1^ 


72 ^ 


6 


19 : 


3 


648 




• 't. 72 


* * 


18 : 


1 : 


9 : 


6 ; 



1395 : 7 : 6 
11 

• . >— r ^* 

3)15351 : 10 ; ^6 . 

• • ■ ■ ■ > - .i t . J- 
S72)51i7 : Cl8 rod^*' 

2397 
68)221(3 quatters.^ 



i7'fcet.: .■ :' •.. •: 
Note. That=68'06it one^foorth part of 272t25> 

and 6S is oiie-fourth of :^7!24 ;. . . ' 

In tedudng feet into rods, it is msual to divide, by 

272, rejecting f^e decimal '^5 ; by this .metliod, the 

answer is 18 rods 3 quarters and 17 feet; about 4f 

feet too much. 

2. If a wall be 245 feet 9 inches long, l€ feet 6 
inches high, and two bricks and a half thick ; how 
many rods of brrck-work are con-tained therein^ wbeQ 
reduced to the standard thickness? • . < 

Ahs. 24 rods 3 quarters 24 &et« 

3. How many rods are coutained in a wall 63^ 
feet long, 14 feet 1 1 inches high, and 2-| bricks in 
thickness^ when reduced to the standard i 

Ans. 5 rods 218 feet. 

4. A triangular gable-end is raised to the height 
of 15 feet above the end wa4i of a house,: whose 
ividth is 45 feet, and the tbFickness of the wall is 
H^ bricks ; required the content in rods at standard 
thickness ? Ans. 2 rods 18 feet. 

5% K^'KVVX 
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5. Adroit the end wall of a house to he nM 
10 inches in breadth, and the height of the roof 
from the ground 55 feet 8 inches, the gable (or tri« 
angular part above the side-walls) to rise 42 courses 
of bricks, reckoning 4 courses to a foot; and that 
20 feet high be 2f bricks thick, 20 feet more 2 bricks 
thick, and the remaining 15 feet 8 inches, If brick 
thick; what will the work come to at ^5. los* pet 
rod, the gable being one brick in thickness ? 

Arts. X48. 13s. 5|d. 

5. Of Chimmes. 

if a chimney stand by itself, without any partj^ 
wail being adjoined, take the girt in the middle for 
the length, and the height of the story for the 
areadth; the thickness must be the same as the 
depth of the jambs, if the chimney be wrought up* 
right from the mantle. tree to the ceiling, and no 
deduction must be made for the vacancy between the 
Hcor (or hearth) and the mantle-tree, because of the 
gatherings of the breast and wings, tv make room for 
the hearth in the next story. 

If the chimney- back be aparty-wall, and the wall 
be measured by itself^ then you must measure the 
depth of the two jambs, and the length of the breast 
for a length, and the height of the story for the 
i)readtb ; the thickness will be the same as the depth 
of the jambs. 

Chimney ^$hafts^ viz. that part which appears above 
the roof, are measured by girding them round the 
middle for the length, and taking the height for the 
breadth. 

The thickness is generally reckoned half a brick 
more than it really is, in consideration of plastering, 
and the trouble of scaffolding. In some places dou- 
ble measure is allowed for workmanship, on account 
of extra trouble. 

Example 1. Suppose the dimensions of a chim- 
ney having a double funnel towards the top, and .a 
double shaft, be as follow, viz. in the parlour, the 
breast and the two jambs measure 18 feet ^ inches, 

and 
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And the height of the room is 12 feet 6 inches; in 
the first floor, the breast and the two jambs girt 14 
feet 6 inches, lind the height is 9 ^^^^ ; in the second 
floor, the breast and the jambs girt 10 feet 3 inches, 
and the height is 7 feet ; above the roof, the com- 
})a8s of the shaft is 13 feet 9 inches, and its height 
6 feet 6 inches; lastly, the length of the middle par- 
tition, which parts the funnels, is 12 feet, and its 
thickness 1 foot 3 inches : how many rods of brick- 
work, standard, measure, are contained iu the chim- 
ney, allowing double measure ? 

F* !• .y. I. 

1. J8 : 9 i : 3 

12 : 6 12 : - 



2. 



3. 



4. 



225 : 
9:4:6 

23^ : 4 : 6 

F. 1. 

14 : 6 

9 : - 



130 : 6 

F. !• 

10 : 3 
7 : - 

71 : 9 

F. 1. 

13 : 9 

6 : 6 



S2 : 6 
6 : 10 



15 


: partition. 


F, 


I. Pts. 


234 


: 4 : 6 parlour. 


130 


: 6 : - first floor 


71 


: 9 : - sec. floor, 


89 


: 4 : 6 shaft. 


15 


: - : - partitio>K 



'Feet 541 : - : - sum. 



^^ 



Feet 1082 : - : - double. 



272)1082(3 rods. 
68)26()(3 quarters. 
62 feet. 



89 : 4 : 6 



Jtns, 3 rods, 3 quarters, 
and 62 fiot, admittiiio; 
thecommon thickness 
to be 1| brick. 



K 



Koe<, 
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Noie. This chimney being measured as if it were 
solid, no vacuity^ or opening, for the fire-place, is 
allowed for, in any of the floors. 

2. Suppose the breadth of the breast of a chim- 
ney, not standing in an angle, to be 7 ieet 3 inches, 
the depth of the jambs 3 bricks thick; the height 
of the room 14 feet 6 inches; the vacuity for the 
iSre-place 4 feet high, 3 feet 6 inches wide,^nd 3 
bricks deep. The chimney and fire-place in each 
of the other two rooms are of the same dimensions, 
but the lieight of the first floor is 12 feet; and the 
jamb, which is the same height as the story, 10 feet 
6 inches. The shaft stands 6 feet above the roof, 
and its compass is 10 feet; also its thickness is esti- 
mated at 1^ brick: how many rods of brick-work 
standard thickness, allowing double measure, are 
contained in the chimney, deducting the three fire- 
places? Ans, 3 rods, 3 quarters, and 5 feet. 

V. OF PLASTERERS WORK. 

Plasterers work is principally of two kinds; 
namely, plastering upon laths, called ceiling, and 
plastering upon walls or partitions made of framed 
limber, called rendering. 

In plastering upon walls, no deductions are made 
except for doors and windows, because corniceij 
festoons, enriched mouldings, &c. are put on after 
the room is plastered. 

In plastering timber partitions, in large ware- 
houses, &c. where several of the braces and larger 
timbers project from the plastering, a fifth part is 
commonly deducted. Plastering between these tim- 
bei's is generally called rendering between quarters. • 

Whitening and colouring are measured in the same 
manner as plastering; and in timbered partitions, 
«ne fourth, or one-fifth of the whole area is com- 
monly added, for the trouble of colouring the sides 
of the quarters and braces. 

Plasteren 
4 - * 
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155 



IPksterers work is measured hy the yard square, 
•oimsting of 9 square feet. In arches, the girt 
round them, multiplied by the length, will give the 
superficies. 

Example !• If a ceiling be 59 feet 9 inches long, 
and 24 feet 6- inches broad ; how many ^^ards doei 
that ceiliug contain f 

•? By Duodecimalt. 

F. I. 

59 : 9 
24 : 6 



236 

118 

29 

IS 



10 




6 




9)1463 : 10 : 6 



Bjf Dedmalu 
, 5975 
24-5 



29875 
23900 
1 1950 

9)1463-875 feet. 
Answer 162*65 yards. 



162 yards 5 feet. 

2. If the partitions between rooms be 141 feet 6 
inches round, and 1 1 feet 3 inches high ; how many 
yards are in those partition^ ^ Ans, i76'S7 inches. 

3. What ^\\\ be the expense of plastering a ceil- 
ing, at ll-J-d. per yard, suppt»sing the length 22 feet 
7 inciies, and breadth 13 feet 11 inches? 

Am. £1. 13s. 5|d* 

4. There is a partition which measures 234 feet 8 
inches round, and 14 feet 6 inches high; this parti* 
tion is rendered between quarters, that is, it is made 
of framed timber, and the inieisiicos are filled up 
"with lath and plastering. I'he lathing and {jlaster- 
ing.will be 8d. per said, and the whitening 2d. per 
yard, what will the whole come to f 

Ans. jei3. 17s. 2{d. 

5. The length of a room is 14 feet 5 inches, breadth 
13 feet 2 inches, and height 9 feet 3 inches to the 

"Uuder tide of the cornice, which projects 5 inches 

K 2 from 
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irora the wall, on the upper part next the ceiling ; 
required the quantity of rendering andplastering, 
there being nu deductions but for one door, the size 
whereof is 7 feet by 4 ? 

J f 33 yards 5 feet of rendering, and 
'118 yards 5 feet of ceiling. 

6. The circular vaulted roof of a church mea* 
sures 105 feet 6 inches in the arch, and 275 feet 
5 inches in length ; what will tlie plastering come 
to at Is. per yard. Ans. £150. 17s. 5|d. 

VIrf OF PAINTERS WORK. 

Pointers generally calcuhite the contents of large 
articles; such as wainscotting, stuccoed walls, doors, 
and window-sh utters, by the square yard; and every 
part upon which the colour is laid is measured. 

Cornices and mouhliugs are estimated by the li- 
* ncal fool, window-frames and reveals at a fixed price 
for each, sash-frames at a certain price per dozen, 
according to their size; sky-lights, window-bars, 
casements, 6cc. arc charged per piece. Ballustradcs 
arc generally measured by taking the length o( the 
hand-rail for one dimension ; and twice the height 
of the baluster upon the landing, added to the girt 
^f the hand-rail, for the other dimension. 

For trellis work, double the area of one side, is 
sometimes taken for the measure of both sides ; but 
no general rule can be given Yor measuring them. 

Painters proportion their prices to the nature of 
the colouring, and to the number of coats which the 
•work receives ; and in measuring wainscotting, stuc- 
coed walls, doors and window shutters, they always 
gird over the projecting pannels, and press the tape 
into all the mouldings. Deductions are always made 
lor ire*places and other openings. 

Example 1. If a room* be painted, whose height 
^being giit over the mouldings) is l6 feet 6 inches, 

and 
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and the compass of the room 97 feet 9 inches ;. hoi 
many yards are in that room h 

By Duodecimals. 

F. I. 



97 
i6 


: 9 
: 6' 




584 
98 
48 


: 10 : 


& 


9)1<»12 


: 10 : 


6 



179 : 



B^ Decmalsi 



97'5 
16-5 



48875 
58650 
9775 

9) 1612-875 



1 « 179-2 

Answer 179 yards 2 feet, nearly. 

9* A gentleman had a room paitited at S|d. per 
yard, the measure whereof is as follows: the height 
II feet T inches, the compass 74 feet 10 inches, 
the door 7 feet 6 inches by 3 feet 9 inches; Ave 
window-shutters, each 6 feet 8 inches by 3 feet 4 
inches, the breaks in the windows 14 inches deep 
and 8 feet high ; the opening for the chimney 6 feet 
9 inches by 5 feet, to be deducted ; the shutters and 
doors arc coloured on both sides ; what will th« 
whole come to ? Ans. £4t, 6s. lid. 

3. Suppose a room were to be painted, and that 
its length is 24 feet 6 inches, breadth l6 feet 3 inches, 
and height 12 feet 9 inches; also the size of the 
door 7 feet by 3 feet 6 inches, and the size of the 
window-shutters to each of the windows, there being 
two, is 7 feet 9 inches by 3 feet 6 inches; but the 
breaks of the windows themselves are 8 feet 6 inches 
high, and 1 foot 3 inches deep ; what will be the ex« 
pense of giving it three coats, at 2d. per yard each ; 
the size of the fire-place to be deducted, being 5 feet 
by 5 feet 6 inches ? Ans. £3. 3s, lOfd, 
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Vir. OP GLAZIERS WORK. 

Glaziers take their dimensions in. (eetf inches^ and 
eighths or tenths, or else in feet, and hundredth parts 
or a foot| anxl estimate their work by the square 
foot. 

Windows are sometimes measured by taking the 
dimensions of one pane, and multiplying its super- 
ficies by the number of panes. But more generally, 
they measure the length and breadth of the window 
over all the panes and their frames, for the length 
and breadth of the glazing. 

Circular or oval windows, as fan-lights, &c. are 
measured as if they were square, taking for thtir 
dimensions the greatest length and breadth ; as a 
compensation for the waste of glass, and labour im 
cutting it to the necessary forms. 

Example 1. If a pane of glass be 4 feet 8 inches 
and 3 quarters long, and 1 fuot4 inches and 1 quar« 
ter broad ; how many feet of glass are in that pane} 



Bi/ Duodecimals. 



4 
1 



I. 

8 
4 



P. 

9 

3 



4 


: 8 : 


9 




I 


: 6 : 


11 


: 




1 : 


2 


: 2 : 3 



6 : 4 : 10 : 2 



By Decimalst 

^'729 
1-354 



18916 
23645 
14187 
4729 



6-403066 
Answer^ 6 feet 4 inches* 

2. If there be 8 panes of glass, each 4 feet 7 inches 
d quarters long, and 1 foot 5 inches 1 quarter broad; 
how many feet of glass nre contained in the said 8 
panes ? ^ns, 53 feet 5 inches. 

3. If there be l6 panes of glass, each 4 feet 5 
inches and a half long, and 1 foot 4 inches 3 quar- 
ters 
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tors broad; how many feet of glass arc contained in 
them ? Ans. 99 feet 6 inches, 

4. If a window be 7 feet 3 inches high, and 3 feet 
5 inches broad ; how many square feet of glazing are 
contained therein ? Ans, 24 feet 9 inches, 

5. There is a house with 3 tiers of windows, 7 in 
a tier ; the height of the first tier is 6' feet 1 1 inches, 
of the second 5 feet 4 inches, and of the third 4 feet 
3 inches ; the breadth of each window is 3 feet 6 
inches; what will the glazing come to at ]4|d. per 
foot ? ^24. 8s. 5id. 

6. What will the glazing a triangular sky-light 
come to at lOd. per foot; the ba&e being 12 feet 6 
inches long, and the perpendicular height l6* feet 
9 inches? Ans* £^. 7s. 2|d, 

7- What is the area of an elliptical fan light, of 
14 feet 6 inches in length, and 4 feet 9 inches in 
breadth ? An$, 68 feet 10 inches. 



VIII. OF PLUMBERS WORK. 

Plumbers work is generally rated at so much per 
pound, or by the hundred weight of 112 pound, and 
the price is regulated according to the value of lead 
at the time when the work is performed. 

Sheet lead, used in roofing, guttering, &c. weighs 
from 6 to 12 pound per square foot, accordi/as. ta 
the thickness ; and leaden pipe varies in weight>^er 
yard, according to the diameter of its bore in 
inches. 

The following table shews the weisfht of a square 
foot of sheet lead, according to its thickness, reck- 
oned in parts of an inch ; and the common wei^'ht 
of a yard of leaden pipe col-responding to the dia- 
meter of its bore in inches* 
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Tbicknets 
of Lead. 


Pounds to a 
Square Foot, 


More of 
Leaden Pipe. 


Poitndt 
fer Tard, 




1 
To 


5-899 


i 


10 


1 


6-554 


1 


1. 1 


X 


7-373 


11 


16 




I 
T 


8-427 


If 


18* 




1 
'4 


9'*31 


H 


21 




i 


11-797 


2 


24 





Example 1. A piece of sheet lead measures Iff 
feet 9 inches in length, and 6- feet 6 inches in 
breadth ; what is its weight at 8| pound to a squart 
foot ? 

By Decimals, 
Feet. 
16-75 
6-5 



By Duodecimals. 


T. 


I. 




16 : 


9 




6 : 


6 




100 : 


6 




8 : 


4 : 

10 : 


6 


108 : 


6 



8375 
10050 



108*875 /ec#. 



Then 1 foot : 8 J pounds :: 108*875 feet : 
898*2 18J5 pounds = 8 cvvt. 2 J pounds, nearly. 

2. What weight of lead t'« of an inch thick will 
cover a flat, 18 feet 6 inches long, and 12 feet 3 
inches broad, the lead weighing 6 pounds to the 
square foot? A?is, 12 cwt. 154: pounds. 

3. What will be the expense of 120 yards of 
leaden pfpe of an inch and a half bore, at 3d. per 
pound, admitting each yard to weigh 18 pounds. 

Ans. £Q7. 

4. What cost the covering and guttering a roof 
nh lead, at 188. per hundred weight; the length 

of 
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of the roof being 43 feet, and the girt over it 32 
feet; the guttering being 57 feet in length and 2 feet 
in breadth ; admitting a square foot of lead to weigh 
8| pounds? Jns, ^104. 15s. 3^d. 

IX. OF MASONS WORK. 

Masons measure their work sometimes by the foot 
solid, sometimes by the foot superficial, and some- 
times by the foot in length. In taking dimensions > 
ihey girt all their mouldings as joiners do. 

The solids consist of blocks of marble, stone, pil- 
lars, columns, &c. The superficies are pavements, 
slabs, chimney-pieces, &c. 

Masons reckon all such stones as are above 2 
inches thick, at so much per foot, solid measure. 
And, for the worklnanship, they measure the super- 
iiciesv of that part of the stone which appears with- 
out the wall. 

Exmnple 1. If a wall be ^J feet 5 inches long, IS' 
feet 3 inches high, and 2 feet 3 inches thijck;. how 
many solid feet are coijtained in that wall ? 



By Duodtcimals, 

F. I. 

97 : 5 length 

18 : 3. breadth or height. 



776 


^ 


97 




ti* : 


4 : 3 


6 : 


: 


1 : 


6* : 



1777 5 10 : 3 superficies. 
2 : ' 3 thickness. 



3555 : 8 : 6 
444 : 5:6:9 



4000 : 2:0:9 solidity, j 

K 5 



By Decimals, 

97-417 
18-25 

487085 
194834 
779336 
97417 

1777'8()025 > 
2-55 

888930125 
355572050 
355572050 

4O0O-1^55()25 
' 2. If 



Mi 
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S. If a wall h^ 107 feet 9 inches long, and 20 leet 
6 inches high ; how many superficial feet are con- 
tained therein ? Am. 2208 feet 10 inches. 

3. If a wall be 112 feet 3 inches long, and \6 feet 
6 inches high ; how many superficial rods of 63 square 
feet each are contained therein ? Ans. 29 rods 23 feet. 

4. What is a marble slab worth, whase length is 
5 feet 7 inches, and breadth '1 foot 10 inches, at 6u 
per foot superficial? Am. ^3. Is. 5d. 



X. or PAYERS WORK. 

Pavers work is measured by the square yard, con- 
sisting of 9 square feet. The superficies is found by 
>nultiplying the length by the breadth. 

Example 1. What cost the paving a foot-path at 
3s. 4d. per yard ; the length being 35 feet 4 inches, 
and breadth 8 feet 3 inches? 



JBy Decimals, 



35*3333 &c. 



SS26666 
88333 

9)291-4999 9cc, 
3s. 4(1. is 1)32*3888 ftc. 

immmmimm^mmmmm 
^5-398' 

ao 



«. 7*9620 
1% 

d* 11*5440 
4 

2*1760 



By DuodecmaU. 
r. I. 

35 s 4 
8 : t 



8 



I 8 
s 10 



9)291 



3s. 4d. is ^)32 13 5 6 

Feet -..568 
3 = i of a yard o i i J*3 J 

6 =: I of 3 feet o 10 a •88 
£S 7 xii*» 






S. What 
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«. What will the paving a court-yard comd to at 
3s. 4d. per yard, the length being 24 feet 5 inches, 
and breadth 12 feet 7 inches? Ans. £.5 13s. 9|d. 

3. What will be the expense of paving a rect- 
angular court yard, its length being 62 feet 7 
inches, and breadth 44 feet 5 inches ; and in which 
there is laid a foot-path the whole length of it^ 
5^ feet broad, with flat stones at 3s. per yard, the 
rest being paved with pebbles at 2s. 6d, per yard ? 

Ans. £.39 lis. d|jl» 



XI^ OF VAULTBD AND ARCHED ROOFS, &C. 

Arched Roofs are either vaults, domes, saloon^ 
or groins. 

Vaulted roofs are formed by arches springing from, 
t^vo parallel walls and meeting in a line over the 
middle of the buildings such are the middle aisles^ 
of several churches. 

Domes are made by arches springing from a cir- 
cular, or polygonal base, and meeting in a point 
directly over the center of that base^^ ' 

Saloons are formed by arches connecting the &ida 
walls of a building to a flat roof, or ceiling. 

Groins arc formed by the intci*section of vaulted* 
roofs with each other. 

They are of various kinds, but the most com mon^ 
are formed by two hollow semi cylinders, or two- 
hollow semielliptical prisms crossing each other at 
light angles, in either of which cases, the arches- 
spring over a square base. Groins are generally 
measured like a parallelopipedon, and the content 
it found by multiplying the length and breadth of. 
the base by the height. Some measures deduct 
one-tenth of the solidity thus found, from the whole, 
and reckon the remainder as the solidity of the va^- 
ouitv. 

yaulted Roofs are either circular, elliptical, or. 
Gothic. 

K. 6* Circular* 
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Circular Roofs are those of which the arch is z 
pari of the circumference of a circle. 

Elliptical Roofs are those of which the arch is a 
part of the circumference of an ellipsis. 

Gothic Roofs are formed hy the meeting of two 
equal circular arches, exactly above the span of the 
arch. 

PROBLEM I. 

To find the solidity of a circular y elliptical^ or gothic, 

Vaulted Roof 

Rule, Multiply the area of one end, by the 
length of the roof, or vault, and the product will be 
the content. 

To find the solidity for the materials. From the 
solid content of the whole arch, take the solid con* 
tent of the vacuity, and the remainder will be the 
solidity of the arch. 

Note. If the arch be a segment of a circle, the area of the 
end may be found bjr Problem XVI. or XVII. page 55 or 59.-^ 
If the arch be the segment of an ellipsis, multiply the span by 
the height, and that product by 7854 for the area of the end. 
If it be a gothic arch, find the area of an isosceles triangle whose 
base is equal to the span of the arch, and its sides equal to the 
two chords of the circular segment of the arch ; the areas of the 
two segments, added to the area of the triangle, will give the 
area of the end. 

Example 1. What is the solid content of the va- 
cuity A o E B of a Gothic vault, whose span a b is 
50 feet, the chord a o, or b o, of each arch 50 feet ; 
the distance of each arch from the middle of the 
chords as o £ =s 10 feet, and the length of the vault 
20 feet ? 



The 
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The triangle a o b in 

this example i« t^uilatc- j?., , ,*r , ^ J I. 

nl, ani] its area, by ihe |! J' f* ; , | 

note page 32, = i a a* ' ' i 

x/3 = 625 x/3 = 
1082-55175. 

By rule 4 page 56, 
note. } (x o X D B-) + 

J^- I (50X10)+ l| 

^=3434 area of li 

tbc segment oeb. 

Then (1082-53175 + 6864) X 20 = 35383-968 
th&Biilidity required. 

3, Let F H E L represent the perpendicular section 
of a Gothic Roof. 1 he spun a b = 50 feet, the 
thicknen of the wall la or b k at the spring of the 
arch as 3 feei; the tliickness ou at the crown uf ths 
arch = 2 feet 4 inches, tLe Icngih of itie roof = 
120 feet, the chord a o = b o = 50 feel, and the 
verst'd sine dk^ 10 feet: required tlie solidity of 
the maieriaU of the arch. 

First v/o B* — B c' = \/5i>^ — J5' = 5^/75.^ 
■45-30127 = CO the height of iho vscuiiy of the 
arch, and CO + 00 = 43-30127 + 2 33333 = 
4A'6346 = c a E= L p, also ab+la + bk = 
50+3+3 = 56 = LK or SH, Then LP x ra 
= 45-6346x56 = 2555-5376 feet the area of the 
■cclion FHKL, and ihe area of the vacuity, hy> 
thd preceding example = 1769-1984: feet, hence 
(2555-5376 — 1769-IS84) X 130 = 94360-704 feet, 
the solidity of ibe mateiials. 

3. What is the solid content of the vacuity of an 
elliptical vault, whose span it 30 feel, and height 
15 feet, the length of the vault being 90 feet i 

5 f What 
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4. What IS the solidity of the vacuity of the mid* 
die arch of Westminster Bridge atiow water? The 
arch is a semicircle which springs 2 feet above low 
ivkter, its span is 76 feet, and length 44 feet. 

Ant, 106490-3488 feet. 

5. Required the solidity of the vacuity of a cir* 
' cular vault, and also the solidity of the materials of 

the vault; the span is 18 feet, the thickness of the 
walls at the spring of the arch 3 feet, the height of 
'the arch 9 feet, the thickness at. the crown 2 feet, 
and the length of the vault 50 feet. 

J r636'l*74 feet solidity of the vacuity. 

^"*' t6838-i26 feet solidity of the materials. 

6. Required the solidity of the vacuity of a Gothic 
Roof, and also the solidity of the materials of the 
roof; the span a B is 30 feet, the chords of each 
arch A and B o = 40 feet, the versed sine d B =t 
6 feet, the thickness la or bk of the pier 17 feet 
at the spring of the arch, the thickness o o of the 
arch 4 feet, and the length of the roof 6'0 feet. 

J J52S96'89325 feet solidity of the vac4jiiy. 
^''** 1 104854-11795 feet solidity of the materials. 

PROBLEM IF. 

To find the concave^ or convex surface^ of eircular.^ 
elUpticaly or gqthic Vaulted Roofs, 

Rule. Multiply the length of the arch by th« 
' length of the vault, and the product will be the 
superficies required. 

Note, U the convex surface of the vault be required, stretch, 
a small cord over the convexity of the vault, this cord iheasured 
will give the length of the curve. For the concave sarfecC|. 
measure the span and height of the arch, from which find tht 
length of the arch by Problem XXI. page 46, or Problem XXIV*. 
page 74. 

Example 1. The span of the arch of a circular 
vault is 50*8 feel, the height 17"064^ feet, and tho 
length of the vault 50 feet; required the surface. 

Ansk 



f The length of the arch is €4f feet, see ex- 
Ans» < am (lie 5, page 48. 

^ And the surface 3^334 feet. 

2. What is the concave surface of the bridge over 
the River Taafe, near Llantrissent, which is a sag. 
ment of a circle, the span is 140 feet, the height 
35 ftety and the width of the bridge 1 1 feel ? 

Jns. 1782-363 feet. 

PROBLEM III. 

To Jind the solid content of a dome^ havifig the heighi 
and the dimensions of its base grveti. 

Rule. Multiply the area of th,e base by tha 
height, and f of the product will be the solidity*. 

Example 1. What is the solidity of a dome. In 
the form of a hemisphere, the diameter of the cir* 
cular base being 60 feet ? 

6o*X7854 = 2827*44 area of the base. 

Then | (2827*44X30) = o6548-8 cubic feet^ 
jins. 



•*im 



* This rule is given in Ro6ertson*s mensuration, and has been 
copied into every treatise of mensuration that has been published 
during the present, and nearly half of the last century, without 
aay attempt to shew how far it is correct ; even thase who hart 
professed to demonstrate all their rules have, with singular in* 
difference, neglected this. 

It is plain that the rule is true only in one case, and that is 
when the dome is circular and its height equal to the radius of 
its base $ for the solidity of a sphere in \ of that of a cylindef 
having the same base and height (Keitb*s Geom. %i of X.), and 
the solidity of a cylinder is found by multiplying the area of the 
btte by the height. Domes are of various shapes, as circular^ 
elliptical, polygonal, &c. and also of various heights and their 
■ides of different curvature ; so that no general rule can be giyen 
to answer every case. When the curved sides of the dome, from 
the circumference of the base to the centre at the top, are circu* 
lar or elliptical quadrants, and the height of the dome equal to 
the radiuk of its base, or to half a mean proportional between the 
two axes of its elliptical base, this rule may be used without nuu 
terial error ^ but it oii|ht not to be used with aiiy other dimen* 
•ioai. 

2. What 
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2. What is the solidity of an octagonal dome, 
each side of its base being !20 feet, and its height 
2ff feet ? jitis. 33477*09*56 feet. 

« 3. What is the solidity of the stone work of an 
elliptical dome, the two diameters of its base being 
40 and 30 feet, the height 17*3^ feet, and the stooa 
work in every part 4 feet thick ? 

Ans. 9479'086848 cubic feet, 

PROBLEM IV. 

Tojind the iuperfides of a domcy having the height tad 
dimensions ofitB base given^ 

Rule. Multiply the area of the base by €, and 
the product will be the superficial content re- 
cuired*.: or, multiply the square of the diameter 
of the base by 1-5708. 

For an elliptical dome. Multiply the two diameters 
ef the base together, and that product by 1»5708, 
the last product will be the area, sufficiently correct 
for practical purposes. 



* This rule, like the preceding is true only when the dome » 
Circular, and its height equal to the radius of its base. For, the 
•urface of a sphere is equal to the curve surface of its circum« 
scribing cylinder; and the curve surface of a cylinder wbofe 

diameter is d and height ^, is 3*1416 if X — IT X'57oS d^\ 

2 2 

also the area of a circle whose diameter is d is '7854 J*, the 
double of which is 1*5708 ^^ the same as the rule. 

For an eIRptical dome, Robertson says, '*To half the diameter 
** at the base add the height, the sum multiplied by 1*5708 will 
•* give the superficial content nearly." 

This rule, which is evidently wiong in every case» has been 
copied into one of the mo&t popular School treatises on mensura* 
tioa exianc. Tlie rule may be thus corrected. . Multiply the fws 
txes of, the eiliptical base together, and extract the sqitare^root oftho 
froducry call this root the diameter of the base. Then, to half the 
diameter at the base add the height, the square of the sum muU 
tiplicd by 1*5708 will give the superficial content nearly. 

Exumpk 
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Example U The diameter of the base of a cir- 
cular dome is 40 feet, and its height 20 feet, re* 
quired its concave superficies, 

40» X '7854 X 2 = 40* X 1*5708 =s 2513'28 feet. 
A/uuer. 

2. The two diameters of an elliptical dome are 40 
and 30 feet, and its height 17*32 feet, what is the 
concave surface? Jns. 1884*96 feet. 



PROBLEM V. 

Tojind the solid content ofa*Saloon* 

RuLS. Multiply the area of a transverse section 
by the circumfei^ence of the solid part of the saloon, 
taicen in the middle; subtract this product from the 
whole vacuity of the room, supposing the walls to 
go upright from the spring of the arch to the flat 
ceiling, and the remainder will be the answer. 

Example K What is the solid content of a saloon 
with a circular quadrantal arch of 2 feet radius, 
springing over a rectangular room of 20 feet long 
and l6' feet wide? 

Here £ a = ec = e ii = 
t feet ; ^/e A*-f ec*= a c 

= EB =3 v/'^= 2-8284271, 
the half ot which 1*4142136 
a= E D or CD, hence Dm =» 
Em — ED = 2—1*4142136 
= ;5857864. Then, by rule 
4, in the note page 5o, the 
area of the segment Amc 



I (ACXDm) + 



2 AC 




== 1* 1045696+ *0355338 == 1-1401 ; and | (a bX 
B c) =; 2 feet area of the triangle a bc, hence 2 — 
ri40l ss -8598 area of the section a BcmA. 

Now, twice the length of the room adcled to 
twice the breadth will be the compass within the 
ivails = 72 feet, but this will exceed the circum- 
ference 
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/erence of the middle of the solid part of the saloon ; 
for i (e b — ntn) = mo =s Bo = *4142I36, and 
BB:bo::bc:bh = -SP^SpsS^k, hence 7^ — 
■(•29289324X8) = 69-65685408 the eircumference 
of the middle of the solid part of the saloon, and 
69*65685408 X -8598 = 59*890963138 content of 
the solid part of the room. 

Lastly J 20X16 = 320 area of the room, which 
multiplied by a b produces 640 leet the solidity of 
the upper part of the room, including the vacuity; 
then 640 — 59-890963138 = 580n09036862 feet 
the solidity of the vacuity or saloon. 

2. If the height a b of a saloon be 3*2 feet, the 
chord A T) c of its front 4*5 feet, the distance D m of 
its middle part from the arch 9 inches, and the 
mean circumference 50 feet, what is the solidity I 

Ana. 138*26489 feet, content of the solid part of 
the room. 

3. A circular building of 40 feet in diameter and 
25 feet4iigh to the ceiling, is covered with a salooa 
the circular arch of which is 5 feet radius; what if 
the solidity of the room in cubic feet ? 

'Solidity of the room to the spring of the 
arch of the saloon = 25132*8 feet 

The solid work of the 
saloou= 637* 138524 
feet 



fc 



§ ; The middle circumfe- 

^ rence of the solid 

part 119' 1575334 feet 

The solidity of the va- 

^ cuity of the saloon = 5646'06l4 feet 

Whole solidity of the rootn = 30778*8614 feet. 

PROBLEM VI. 

Tojind the superficial content of a Saloon, 

Rule. Find the breadth of the curved part of 
the saloon by applying a tape close to it across the 

surface, 
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surface, and its length^ by measuring along the mid- 
dle of it entirely round the room. The prqduct of 
these will be the curved surface ; to which add the 
area of the flat ceiling, and the sum will be the 
whole surface. 

. Example 1. What is the superficial content of a 
saloon with a circular quadrantal arch of 2 feet ra- 
dius, springing over a rectauguTar room of 20 feet 
long and 16 feet wide ? 

Fir$t, (by Prob. XII. page 46,) 2 X 90** X '0174533 
IB 3'14l6 the length of the arch Amc, or breadth 
.of the curved part of the saloon. 

Secondly* By example 1st of the preceding pro- 
position, £B = 2*8284271 and Bm -= *828427l ; 
now, BB : Bm :: CB : b v = *3857864. 

The compass of the room within the walls = 72 
feet; hence, 72— (-5857864X8) = 67-3137088 
feet, the circumference of the middle of the curved 
piart of the saloon. 

Lastly. 3-1416 X 67-3137088 = 211*4727475 the 
curved surface. 

And (20—4) X (l6— 4) «= 192* tba 

Hat ceiling. ■ 

The whole surface = 403-4727475 
aquare feet. ' 

2. A circular building of 40 feet in diameter, and 
25 feet high to the ceiling, is covered with a saloon 
the circuUr arch of which is 5 feet radius, what will 
be the surface, including the windows and doors ? 

'Surface of the room to the apriof of the arch of the saloon 

= 2513*28 feet 
Length of the arch "} 

of the saloon ::z 7*Sc4 / ^ eo ^^ 

Circumference of the ^cunr.mf.= 8847« 

middle of it rz 112*6511 J 
Surface of the fiat ceUing :^ 706*86 

Total :z 4104*90 feet. 
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GAUGING. 

VjAUGING 18 the art of measuring and finding tlit 
contents of all sorts of vessels used by maltstcrii 
brewers, distillers, wine-merchants, &c,; such as, 
citterns, coppers, vats, stills, casks, &c« 

Of the Sliding RuLB* 

The sliding rule is an instrument, particularly 
useful in gauging, made generally of box, in the form 
of a parallelopipedon. There are various kinds, but 
the most convenient, or at least that which is most 
used in the excise, was invented by Mr. Verie^y col- 
lector of the excise. 

1. The line, marked a, on the face of this rule, ii 
called Giini€r*s LinCj and is numbered 1. 2. 3. 4.5.' 
6. 7« 8.9* 10. At 2150*42 is a brass pin, marked 
m'b, signifying the cubic inches in a bushel of raah; 
at 282 is another brass pin, marked a', denoting the 
number of cubic inches in a gallon of ale. 

2. The line marked b is on the slide, and is di- 
vided exactly in the same manner as that marked a; 
there is anotlier slide b, which is used along wilh 
this ; the two brass ends are then placed together, 
and so make a double radius numbered from the 
left-hand towards the right. At 231, on the seeoHd 



* Sliding Rules of this kind, may be had of Messrs. y^Kis'f 
Mathematical Instrument Makers, Mhwn, • 

radius, 




S13 

[ raJius, is & brass pin marked w, sigiiiTying Iha cubic 

F inchci in a gallun of wiiie; at 314 is another brass 

' pin, marked c, dcnotiiijj ihc circurnfcreiics of a cjr- 

' cle whose diamt^ler is 1. Tlie manner of reailing, 

and using these lines, is exactly the same as the lines 

* and n, on ifie Cai-pcntert RuU, described at page 

161. 

3. T&e back of the Jirst radiut, or slide, marlied o, 
contains the divisurs fur air, viine, mash-tun galloni, 
malt, grren ttarch, dry starch, hard toap bat. Hard soap 
cold, greea toft ioap,iBhite ii^isoep,_fiint glatS,Stc,6ic. 

as in the table, Prob. I, following TAe back of the 

tecond radius, or tUde, marked s, cunlaiiis the gauge- 
pointi corresponding to these divisors, where* stands 
fur si|uares, and c tor circles. 

4. The line u D «n (he rule, signifying malt depth, 
is a line of numbers beginning at 2150'42, and is 
numbered from the left to the ri^ht-haml 3. ID. p. 8. 
7. 6. 5. 4.3. 1'his line is used ia malt gauging. 

5. Tfie two slides, b, Just describi^d, are always 
Ustd together, either with the line a ; U i>; or the 
Jiijc D, which h aa the opposite face of the rule to 
that already described. The line X) is numbered 
from the left-hand towards the right, 1. 2.3. 31. 32. 
which is at the right-hand end ; it ii then continued 
from the left-hand end of the othir edge uf (he rule 
32. 4. 5. (i. 7. 8. 9. 10. At I7'l3 is a brass pin 
marked w'd, signifying the circular gauge-point for 
wine gal luiii. At lS-.<ji is a brass pin marked a'o 
for ale jjullons. At 46*37, m's signifii-s the square 
gauge-pujni fur malt bushel*. At 52'3'2, m'r signi- 
ties the round or circular gaii^e-point for malt 
buiheU. The line D on lhi< rule is of the same na- 
lurc as the line marked d on the Carpentert Rule, 
t)cscribL-d at page 1^1, I'hi- line a and the iwo 
■lidcs u are used togetber, for performing multipli- 
cation, diviiton, proportion, &c.; and the line D, 
iiml the ^ume slides £, arc uaed together fur extract- 
ing the square mot. Ace. 

6. The other ttvo slides belonging to this rule are 
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marked c, and are divided in the same manneri and 
used together, like the slides B. The hack 4^ the fi^ 
radius, or slide, marked c, is divided, next the edge^ 
into inches, and numbered from the left-hand to* 
wards the right 1. 2. 3. 4. &c. and these inches are 
again divided into ten equal parts. The second line 
is marked spheroid, and is numbered from the left* 
hand towards the right 1. 2. 3. 4. 5.6. 7* The third 
line is marked second variety^ and is numbered 1. 2. 
3. 4. 5. 6. These lines are used, with the scale of 
inches, for finding a mean diameter ; see I^b. X* 
following'. 

The third and fourth variety are omitted on thii 
slide, and with good reason, for it is very probabls 
that there never was a cask made resembling either 
of these forms.— TAe back of the second radius, or 
slide, marked c, contains several factors for reducing 
goods of one denomination to their equivalent value ' 
in those of another. Thus | x to vi 6, | signifies 
that to reduce strong beer at 8s. per barrel, to small 
beer at 'Is. 4d. you must multiply by 6, | vi, to x. 
17* I signifies that to reduce small beer at is. 4d« 
per barrel to strong beer at ^s. per barrel, you must 
multiply by MZ. | c 4» to x. 27 | signifies that 27 i< 
the multiplier for reducing cider *at 4s. per barrel to 
strong beer at 8s. &c. 

7. The two elides c, just described, are alwaj« 
used together, with the lines on the rule marked 
Seg, St or ss, segments standing; and Seg, Ly or ^ 
s L, segments lying ; for ullaging casks. The former 
of these lines is numbered 1. 2.3. 4. 5. 6. 7, 8. whick 
stands at the right-hand end ; it then goes on iron 
the left-hand on the other edge 8.9. 10. &c. to 100; 
the latter is numbered in a similar manner, 1.2.3.4. 
which stands at the right-hand end ; it then goes on 
from the left bund on the other edge, 4. 5, 6. &c. 
to 100. . 
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PROBLEM I. 

> To find ike several Multipliers f Divisors^ and Gauge* 
pwUSf belonging to the several Measures now med 
in England^ 

For square figures, the following tnnltipliers and 
divisors are to be used. 

€82)1*0000(«003546 multiplier for ale gallons. 
231)i"0000('(l043Sd multiplier for wine gallons. 
l268'S)l*OOO(*0O37202 rouitiplier for malt gallons. 
2150'42)rOOC)(-00046502 multiplier for malt bushels* 
327)l*O00(*0O4O5 multiplier for mash-tun gallons. 

So, if the solid inches in any vessel be multiplied 
by the said multipliers, the product will be gallons 
tn the respective measures ; or dividing by the divi* 
«or8 282; 231; or 268*8; the quotient will likewise 
be gallons. 

Note. That 282 solid inches is a gallon of ale or 
beer measure; 231 solid inches is a gallon of Wine* 
roeaisure ; 268*8 solid inches is a gallon, and 2150*42 
eolid inches is a bushel of malt, of corn measure. 

For circular areas, the following multipliers and 
divisors arc to be used. 

282)-r83398(-0O2785 multiplier for ale gallons. 
S31)783398(-003399 multiplier for wine gallons. 
.•7 85398) 282- (369-05 divisor for ale gallons. 
•785398)23l-(294-12 divisor for wine gallons. 
•785398)2 160-42(2738' divisor for corn bushels. 
The square root of the divisor is the gauge-point. 

#T.i • . r C Ale-measure, is l6'79 

The cause-point for l .... . ,«. *^ 

^ o I J Wine-nieabure, is 15*19 

»quam .n ^ Malt-bushol. is 46-37 

rrv • ♦ r - 1 Ale-measure, is 18*95 

drSCin Vvine-n,e.s«;e, i. 17-15 

circular ligures in | ,siaU-bu tcl, i. 52-32 

And thus (he numbers, in the following tabJe wen 
calculated. 

A Table 
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slisSis 
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Note, It often liappens in the practice of gauging, 
that when t[ui one given number h set tn the gauge- 
point on the sjiding rule, ilie otber givL-n number 
will fall off the rule ; bence in many cases it will b« 
■cceBSRry toiinJ a sreond, ornno gauge-point. The 
Kcond gauge-poJ<it» are th« square roots of 10 timet 
ihe divisors in the ubovo table. Thus for «((unm, ■ 
the flrto gauge-point for ale is 53-10, for wine 4S*06, 
tat malt-busheh 14*fiQ; and fur circles, the nnt 
gauge- 
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gaugtf-point for ale is 59'9^f for wine 54*22, and for 
malubushels l6*54. 

By the Sliding Rule, 

Set 1 on B, to the old gauge-point on D,and against 
the other 1 on b, is the new gauee-poiut on d. 

PROBLEM U. 

T0j!nd the Area in Ale or Wine Gallons ^ of any recti^ 

lineal plane Figure, 

'Rule. Find the area in inches, by the rules given 
in Mensuuation of Supeuficies, which divide 
by the proper divisor, or multiply by the proper 
multiplier, and the result will be the area in gal- 
lons. 

Note. The areas of all plane figures, in gauging, 
are expressed in gallons ; because there will be the 
same number of solid inches in any vessel of one 
inch deep, as there are superficial inches in its base ; 
so that what is called by gaugers a surface, or area, 
is in reality a solid of one inch in depth. 

Example !• Suppose a back or cooler in the form 
of a parallelogram, to be 250 inches in length, and 
84*5 inches in breadth ; what is the area in ale or 
wine gallons ? 

Multiply 250 by 84*5, and the product is 21125, 
the area in inches, which divide by 282, and the 
quotient is 74*9 gallons of ale; or multiply by 
*Q03546, the product is 74*90925 gallons, nearly tho 
same; and if 21125 be divided by 231, or multiplied 
by -004329, it will give 91*45 gallons of wine. 

By the Sliding Rule. 



on A. on B. on a. 
As 282 : 84*5 :: 250 ; 
As 231 : 84*5 :: 250 


on B. 
: 74-9 
: 91*45 


L 


2. If 
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2. If the side of a square be 40 inches, what is 
the area in ale gallons? Aus. S'67 gallons. 

3. The longest side of a parallelogram is 50 inches ; 
the shortest side 30 inches ; what is the area in ale 
gallons ? Ans, 5*32 gailois. 

4. The side of a rhombus is 40 inches, and its 
perpendicular breadth 37 inches; what is its area in 
ale gallons ? Am. 5*25 gallons, 

5. The length of a rhomb«ides is 48 inches, and 
its perpendicular breadth 32 inches; what is its area 
in wine gallons ? An^. 6'65 gallons* 

6. The base of a triangle is 60 inches, find its 
perpendicular 23*5 inches ; required its area in ale 
gallons? Ans, 2*5 gallons. 

7. The diagonal of a trapezium is 60 inches, and 
the two perpendiculars from the opposite angles 15 
and 27 inches; what is its area' in ale gallons? 

Am, 4*47 gallons. 

S. The side of a pentagon is 50 inches, what is its 
area in ale gallons? Ans, 1 5*25 gallons. 

9. The side of a hexagon is 64 inches, and the 
perpendicular from the centre to the middle of one 
of the sides 55*42 inches; required its area inhale, 
*vine gallons, and malt- bushels ? 

f 37*73 ale gallons. 
* Ans,^ 46*06 wine gallons. 

f 4*04 malt bushels. 



PROBLEM III. 

TThe Diameter of a Circle being given in Inches^ tojnd 
the Area of it in Ale or Wine Gallons^ Syc. 

KcLE. Multiply the square of the diameter by 
•002785 for ale, or by '003399 for wine; or divide 
the square of the diameter by 359*05 for ale, or by 
294*12 for wine, the products or quotients will be 
the respective ale and wine gallons. 

For 
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For any other denomination, use the proper muU 
tiplier or divisor in the tabl^. 

Example !• Suppose the diameter of a circle be 
52'6 inches; what will be the area in ale and wind 
gallons ? ' 

The square of 32*6 is 1()627^. 

Then 106276 X '002785 = 2'9598 ale gallons. 

And 106276 X '0034 = 3-6i33 wine gallons. 

Or 359'05)1062*76{2'9599 area in ale gallons/ 

And 254*12) 106276(3-6l33 area in wine gallons. 

By the Sliding Ride. 

on D. on B. on d. on b« 
' As 18*95 ^ 1 : : 32*6 : 2'96. . 
As 17-15 : i ;: 32'6 : 3 61. 

The first terms are the circular gauge-points ; see 
the table. 

2. If the diameter of a circle be 45 inches^ what 
is its area in ale gallons ? Afis, 5*64 gallons. 

3. If the diameter of a circle be 68 inches ; re- 
quired its area in ale and wine gallons, and malt- 
bushels? 

r 12*87 ale gallons. 
jitts.^ 15*72 wine galUns. 
/ 1*68 malt bushels. 



PROBLEM IV. 

y^e tran^erse, or longer Diameter^ and the conjugate^ 
or shorter Diameter, of an Ellipsis Iteing giveh^ to 
Jind its Area in Ale or Wine Gallons. 

Rule. Multiply the product of the two ckame- 
tcrs, by -002785. for ale, by -0034 for wine; or di- 
vide the product of the two diameters by 359*05 for 
ale, or by 294* 1 2 for wine ; the products or quo- 
tients will be the respective ale aud wine gallons re- 

L 2 quired : 
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quired: and for any other denominatioiii use the 
proper divisor or multiplier. 

Example 1. Suppose the longer diameter .of am 
ellipsis to be 81*4 inches, and the shorter diameter 
54*6 inches ; what will be the area in ale and wine 
gallons? 

Multiply 81*4 by 54*6, and the product is 4444*44; 
then, 

4444-44 X 002785 = 12*38 ale gallons. 
And 4444*44 X '0034 = 15*11 wine gallons. 
Or, 35905) 4444"44( 12*38 area in ale gallons, 
291*12)4444*44(15*11 area in wine gallons. 

By the Sliding Rule, 

on A. on B. on A» on b» 

As 359 : 81 '4 :: 54'6 ; 12*4 ale gallons. 
As 294 : 81*4 :: 54*6 : 15*1 wine gallons. 

2. The transverse diameter of an ellipsis is 72 
inches, conjugate 50 inches; what is its area in ale 
gallons? Jm. 10 gallons. 

3. If the transverse diameter of an ellipsis be 70 
inches, conjugate 50 incheii ; what is its area in ale 
and wine gallons, and malt-bushels? 

r 9*74 ale gallons. 
j4ns. 3 1 190 wine gallons. 
C 1*27 malt bushels. 



PROBLEM V. 
To find the Content of a Prism in Ale or IVine Gallons. 

Rule. Find its solid content in inches, (by Prob. 
III. p. 98), then divide that content in inches by 
282 for ale, or by 231 for wine, the respective quo- 
tients will be the content in ale or wine gallons. 

Or, find the area of the base in gallons, (by Prob. 
II. p. 217), «nd multiply that area by the vessel's 
depth within, the product will be its content in 
§allonf« ^ 

Example 
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ExampltA. A vessel, whose base is a right-angled 
parallelogram, is 49*3 inches in length, the breadth 
15 36'3 inches, and the depth 42*6 inches; the coa- 
tents in ale and wine gallons arc required ? 

The length, breadth, and depth, being multiplied 
together, produce 76656*57 ; which, divided by 282, 
the quotient is 271*83 ale gallons : and divided by 
231, the quotient is 331*84 wine gallons; and by 
dividing by 2150*42, such a cistern will be found to 
bold 35*65 bushels of corn. 

By the Sliding Rule. 



em. 


( 


on D. 


on B. 


on D. 


At the length 


I Length 


Breadth : 


Mean proportioa 




00 Ob 




on B. 


on D. 


on B. 


At 8911. gaoge-point : 


Depth ;: 


Mean proportion : Content 




on B. 


ODD. 


ORB. 


• onD. 




Vi*. 


49'3 


• 493 « 


: 365 : 


42-4* 


on D. 










on B. 


46-37 


i 


on B. 
42*6 


on i>. 
: : 42-42 




-8} ale gallons. 
'84 wine gallons. 
-6c malt bushels. 



2. Each side of the square base of a vessel is 4() 
inches, and its depth 10 inches ; what is the content 
in ale gallons? Atis. 5t)'7 gallons. 

3. The length of a rectangular parallelopipedon 
is 72 inches, breadth 33 inches, and depth 82 inches ; 
required the content in ale and wine gallons, and in 
malt bushels? 

r 690-89 ale gallons. 
AnsAS43'^2 wine gallons. 
t 90-61 malt bushels. 

4. The diameter of a cylinJrical vessel is 32 inches, 
the internal depth 45*5 inches ; requirtd its content 
in ale and wine gallons, and in malt bushels? 

r 129*78 ale gallons. 
^««.< 158*47 wine gallons. 
( 1701 malt bushels. 
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PROBLEM VI. 

To Ji?id the Content of any Vessel, whereof the Ends 
are Squares, or Rectangles of any Dimensions, 

Ktjlb. Multiply the sum of the lengths of the 
two ends by the sum of their breadths, to which add 
the areas of the two ends; this sum multiplied bj 
one-sixth of the depth, will give the solidity in cubic 
inches; which, divided by 282,231, or 2150*42, will 
give the content in ale gallons, wine gallons, or malt 
bushels. 

Example I. The top and bottom of a vessel are 
parallelograms ; the length of the top is 100 inches, 
and its breadth 70 inches; the length of the bot- 
tom 80, and its breadth 56 ; and the depth 42 
inches ; the contents in ale and wine gallons are 
required ? 

180 = 100 + 80, sum of the lengths 7 of the 

126* = 70 4* ^6, sum of the breadths J 2 endst 

<— i— — " 

22680 product. 
7000 area of the greater base = 100 X 70l 
4480 area of the less base s= 80 X 56. 



34l60 sura. 

7 one-six^h of the depth, 



53()120 solidity in cubic inches, , 

282)^39120( 847*94 ale gallons. 
231)239120(1030-15 wine gallonss. 

By the Sliding Rule* 

Find a mean proportional (83*66) between the 
length and breadth at ihe top, and a mean propor- 
tional (66*93) between the length and breadth at 
the bottom ; the sum of these is 150*59, twice a 

Bicaa 
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mean proportional between the length and breadth 
in the middle. Then 

on D. on B. on d. on b. 

83-66 : 173-7 



16-79 : V V' 



66'93 : 111-2 
150-59 : 563- 



847-9 A o. 



The content in wine gallons may be found by using 
the wine gauge-point. 

2. Each side of the bottom of a vessel, in the form 
of the frustum of a square pyramid, is 27 inches, 
each side at the top 13-8 inches, and the deptli 21 
inches; required the content in ale gallons? 

Afis. 32*07 gallons. 

3. There is a tun, whose parallel ends are rect- 
angles, the length and breadth of the top S6 and 
52 inches ; the length and breadth at the bottom 
48 and 40 inches, and the depth 60 inches : required 
the content of the tun in ale gallons, wine gallons^, 
and malt bushels ? 

r 323*41 ale gallons. , 

Ans. < 394*80 wine gallons* 

(^ 42*4 malt bushels. 

PROBLEM VII. 

To Jind the Content of a Vtssely in the Form of fh§ 

Frustum of a Cone. 

UuLE. To three times the product of the two 
diameters, add the square of their difference, mul- 
tiply the sum by one-third of the depth, and divide 
the product by the proper circular divisor, viz. 
359-05 for ale, 294*12 for wine, and 2738 for maU 
bushels, ^c. and th« quotient vrill be, the content 
accordingly* 

j; 4 Example 



Example I. Suppose the greater cKameter 89 
inches, the less diameter 71 inches, and the depth 
34 inches, the content in ale or wine gallons is re- 
quired. 

So greatest diameter. 71 less diameter. 

71 less diameter. 80 greater diamettr. 

9 difTerence. 5680 product. 

9 3 

8 1 square of the dlfF. I7040 

«- 81 square of dlfF, 

3)17x21 sum, 

359-05)i94038(540-4i a •. 

.494- 1 2) 1 94038(65972 w«u 5707 

34 depth. 

■■■■—■■— 

194038 product 



In the above example, instead of multiplying tht 
Sum by one-third of the depth, one-third of the sum 
is multiplied by the whole depth, which amounts to 
the same. 

Bi/ the Sliding Rule. 

Find a mean proportional between the two dia- 
mctei-s: thus, 

on B. on D. on b. on2>. 
80 : 80 :: 71 : 75*36; again 
Set i8'95 on D to xi^ (one-third of depth) on B. 
And against 71 on o stands the content on b - 159"^ 
against 75*36 on d stands the content on b • 179*22 
against 80 on d stands the content on b - 202tX> 



Sum is the whole content • 540*31 

In the same manner the content in wine gallons 
may be fouiKi, using the wine gauge-point. 

2. The greater diameter of a conical frustum is 
38 inches, the less diameter 20*2, and depth 21 
inches ; required the content in ale gallons ? 

^ Jns, 51*07 gallons. 

3. Tbff 
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3. ITio top diameter of a conical frustum is 2*2 
inches, bottom diameter 4() inches, and the depth 
60 inches ; required the content in ale gallons, wine 
gallons, and malt bushels ? 

^165*12 ale gallons. 
^«5.< 201*55 wine gallons. 
t 2l'63maltbushels» 



PROBLEM VII L 

To gauge and inch a Tun in the Form of the Frustum 
of' a Cone, and to make an Allowance for the Drip 
or FalL 

The inching of a tun, or vessel, is finding how 
much liquor it will bold at every inch of its- 
depth. 

When a vessel does not stand even, or with its 
base parallel to the horizon, the quantity of liquor 
m D n, which will just cover tl>e bottom, is euUed the 
drip or fall of the tun. 

Let water be poured into the tun till the bottbnv 
IS just covered, which will be when the water touches 
the point m, and suppose the measure of the water 
in this case to ]^e 30*92 gallons. 

Find the horizontal line f b, which will be pa- 
rallel to ?«w, the surface of the liquor; the line 
F B will represent the surface of the liquor when the 
vessel is full. 

Find the perpendicular depth on to the surface of 
the liquor, which suppose to be 26 inches. 

Take mean diameters 
parallel to v b and mn at -^ 
every 6 or 1(» inches depth. 
Suppose the firhl me»ii di' 
■meter £/<! at 5 inches from 
F B to be 83'o inchei; the 
ftecond mean diameter bb 
at 15 inches from F b = 
78*7 incbcS| and the third 

L 5 lUk'u/i 
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ttK^an diameter cc at 23 inches from p b :== 7'4-5 
inches. 

Find the areas corresponding to each of these 
diameters, as in the third coluRin of the following 
table ; multiply these areas by their respective depths, 
and you will have the fourth column. Lastly, these 
contents being brought into' barrels, 6cc, allowing 
34 gallons to a barrel, and 8| gallons to a firkin^ will 
give the remaining columns. 



Depths, 


Diam. 


Area. 


Content 


Content 1 


in Gallons. 

19V65' 

172-50 

92-75 

30-92 

49e-82 


B 


5 

2 

6 

14 


F. 

2 

2 

3 

1 


G. 

7-65 

2-50 
775 

5-4C 

6-32 


OP = 10 

PS nt. 10 

s » = 6 


83-6 

787 
74-5 


19-465 
17-250 
15-458 


Whole 26 


Cent, of the Drip. 


Whole contcnl 



Now to find the content at every inch of tht 
depth, reduce the first area 19*465 into barrels, &c. 
and it will be 2 F. 2-46*5 G. which subtracted 
from the whole content 14 b. 1 F. 6'S2 o. leaves 
13 B. 3 F. 3-8555 G. the content when 1 inch is 
dry ; and thus continue subtracting the first area 
from the several remainders until 10 inches are dry, 
* when there will remain 8 B. 2 P. 7*17 G. — Ihcn 
take the second area 17-25, having first brought it 
into firkins, &c. and subtract it from the last re- 
mainder, and thus continue to do till you have 20 
inches dry, when there will remain 3 B. 2 f. 4-67 ©• 
— Lastly, take thp third area 15'458, having first 
brought it into firkins, &c. and subtract it from the 
area when 20 inches are dry; and thus proceed till 
you have 26 inches dry, and there will remain, if 
you have made no mistake, 3 p. 5*42 G. the quan* 
tity of liquor contained iu the dripor fall. 

1 The 



VArGtSV. 



Sir 



The point t may bo marked as a constant dip- 
ping place, and the several contenls tillered inio a 
dimension book. Then to find how much liquor 
then- is ill this t]>LC<l vessel, at any future time, talis 
ihe depth of the liquor, and agaipst that uegtb ia> 
your table you will find the content. 



PROBLEM IX. 

To gauge a Copper. 

\jet A B c D be a copper to be gauged. 

Tuke a piece of iinall packthread, make one enA 
foat at A, and extend the oiher to the opposite side 
of the copper at b, where make it fast. Then with 
Bome cnnvenieni instrument tuko the nearest distance 
from the deepest place in the copper, to the thready 
K ac, or £ D) which suppose to be 47 inches. 



A .„g^.. F s ;b 

c^ a D 



In like manner, set the end of the instrument <i9 
rule tipon Ihe top of the crown at O, and raku the 
nearest distance to the thread, as o f, " hich suppose- 
42 inches : thin subtracted from a C, 47, the remaini' 
der (n) is 5, ihc lici^iit cif ihe crown. 

To fiad c D, the diameter of the bottom of tbc . 
crown. 

Measure a b, the diamcier of the top, which ad- 
mit to be ()9 inches ; then bold a ihread, so that a 
^luiuniL't at llic end thereof may hang just over c» 
i. by 



by which means you will find the distonce a a. Do 
the like on the other side ; so will you find also the 
distance, be, which suppose 17' S inches each ; add 
these two together, and subtract their sum (y'lz.Sb) 
from 99, and the remainder is 64 inches, equal to 
c D, the diameter at the bottom of the crown. The 
diameter mony which touches the top of the crown, 
may be found by measuring to be 65 inches. 

Now to find the content of the copper from the 
crown upwards, that is the part mn B a, the depth 
F o being 42 inches, you may take the diameter in 
the middle of every 6 inches of the depth, which 
suppose to be as in the second column of the follow- 
ing table, the numbers in the third column are the 
respective ureas in ale gallons, found by Prob. 111. 
the fourth column shews the content of every 6 
inches; all which being added together, the sum 
will be the content of that part ann b a ; that is, so 
much as it will hold after the crown is covered. 

Now if the crown be taken for the segment of a 
sphercj the content (by Prob. XIII. p» 120), will be 
iound to be 28*75 gallons. 

Bill it may be more readily found, very near the 
trntlii, thus: 

The diameter c x> was found to be 64^ and the 
area to this diameter is 11*408; this multiplied by 
half the crown's altitude, viz. by 2*5, gives 28*52 
gallons, tlic con4ent of the crown. 

The content of the part mnn c is 57*935 gallons;, 
from which subtract the content ot ihe.crown 28*52, 
»mi the remainder is 29*415 gallons, and so much, 
liquor will ju'st cover the crown. 



Parts 
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Parts 
of the 
Depth. 



6 
6 
€ 
6 
6 
6 
6 



Diameters. 


Areas. 


95-3 


25-294.3 


90-1 


22-6096 


85-0 


20-1223 


80 


17-8246 


75-2 


157499 


70-5 


13-842^) 


66 


12-13U 



Content 

)f rvcrv 
6 inches. 



151767 
135*657 
i 20-734 

l()6-947 
c 4-499 

83-(»56 
72-791 



The sum - - - - 705*451 
To just cover the crown 29*415 



The whoh conient 



794-»oo 



The contents in the last column may be brought 
into firkins and barrels, and then the content at every 
inch in deplh, as in the VII Iih Problem, may be 
found and entered into the dimension book* 



PROBLEM X. 

Tejind the Content of any ciose Cask. 

This part of gauging is the most difficult that oc- 
curs, on account ol the uncertainty of the figure of 
tke cask. 

In every case, it is cssi ntial that the following di- 
mensions be truly taken. 

g The bung-diameter, -^ 
Viz. % The hcad-dianietcr, v within the cask. 
vThe length of the cask, j 

In taking these dimensions, the gaugor ought care- 
fully to observe, 

1. That the bun£;-bole be in the middle of the 
cudk ; uUo, that the bung-^iave, and the ttuvc op* 

8 
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posite tQ the bung-hole, are both regular and eve» 
i^ithin. 

- 2. That the heads of the casks are equal, and truly 
circular ; if so, the distance between the inside of 
the chimb to the outside of its opposite stave, will be 
the head-iliameter within the cask, very near. 

The diameters and length of one cask may be 
equal to those of another, and yet one of those casks^ 
may contain several gallons more than the other. 

For instance, let the 
figure A B c D 6 F repre- 
sent a cask. Now, it is 
plain, that if the outward 
curve lines, a B c, knd 
r G D, be the bounds or 
staves of the cask, it will jc^ 
hold more than if the in- 
ner dotted lines were the 
bounds or staves ;. and yet the bung diameter B G,. 
and head diameters c d and a f, and the length lh,. 
are the same in both those casks. 

Hdnce it appears, that no one general rUle can be 
given, by which all sorts of casks may be gauged: 
and therefore gaugers u-ually suppose every cask to 
be in some of these forms : 

1. The middle zone or frustum of a spheroid ; see 
page 130. 

2. The middle frustum of a parabolic spindle ;i 
sec page 135. ^ 

3. The lower frustums of two equal parabolic 
conoids; see page 133. 

4» The lowf-r frustums of two equal cones, suet 
as the figure represented by the dotted lines above. 

5. The contents of casks are sometimes found by 
having a mean diameter between the bung and head 
given; see the rule at page 139. 



Xj- 
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To Jind the Content of a QasJc hy the mean 

Diameter. 

Rule, Multiply the difference between the head 
and bung-diameters, when it is less than Q inches, 
by '68 for the first variety ; by '62 for the second 
variety; by *55 for the third; and by '5 for the 
fourth. Or, when the difference between the head 
and bung-diameters exceeds 6 inches, multiply that 
difference by '7 for the first variety ; '^4 for the 
second ; '57 for the third; and '52 for the fourth. 
Add this product to the head-diameter, and that 
sum will be a mean diameter. Square the mean 
diameter, and multiply that square by the length 
of the cask ; this product multiplied, or divided, 
by the proper multiplier, or divisor, in the table, 
Prob. I. will give the content. 

By the Sliding Rule, 

Find the difference between the bung and head- 
diameter, on the inside of the slider marked c, and 
opposite to it, for each variety ♦, is a number to 
be added to the head diameter, for the m^an dia- 
meter. Then as the gauge- point on », is to the 
length on £ ; so is the mean diameter on D, to the 
content on b. 

Example 1. Suppose the bung-diameter of a cask 
to be 32 inches, the head-diamtter 24 inches, and 



* It has been noticed before, that only the first and second 
Yariety of casks are placed on ihe rule, which is described at 
the beginning of gauging. ITic contents of casks are generally 
found by the sliding rule^ for which reason the rules for finding 
the content by the pen, ate given in such a manner as to agree 
therewith. The abore methods of finding a mean diameter arc 
not strictly true^ see a dlsserCauoA oa tliis subject in Mois*t 
CtHiifgi Sect. X* 
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the length 40 inches; the contents in ale gallons, 
for each variety, sire required ? 

1, For the spheroid, or first variety. 



Bung^-diam. 
Head-diam. 

Difference 
Multiplier 


32 
24 

8 
•7 

5-6 
29-6 


mean diam. 29*6 

29-6 

1776 
2664 
592 


Head-diain. 
Meaii diam. 


S76'l6 square. 
40 length. 


35900)3504.6.40(97 -6 gal 
273190. 




218550 




.3120 



In a similar manner you will find the content for 
the second variety to be 9^'^6 ale gallons; for the 
third variety 90*87 ale gallons; and for the fourth 
variety 88*34 ale gallons, 

% the Sliding Rule. 

For the first varitty, against 8 (the difference be- 
tween the bung and head-diameter) in the line of 
inches, you will find 5*6 on the line marked sphc" 
roid, which, added to the head-diameter 24, give* 
the mean diameter 29'6. Then 



en D, on Ti. on d, on> b. 

U'95 : 40 :: 29*6 m cm diam. : 97-6. 



Ji. 



In the same manner the content of the other ra- 
ricties may be found, by using their respective mean 
diameters, without removing the slider. 

9. Suppose the bung-diameter of a cask to be 
^6'5 inciics, head-diameter 23 inches, and length 
28*3 inches ; the content in ale gallons, for each 
variety, is required ? 

50*8 for the first variety. 
J 3 ^^'^ ^^r the second variety, 
uStts. < .o,g f^^ jhe third variety. 

•28 for the fourth variety. 



Tojind the Content ^ ant Cask. 



6RNERAL RULE. 

Add into one sum 

3d times the square of the bung-diameter, 

25 times the square of the head-diameter, and 

26 times the product of those diameters ; 
multiply the sum by the letigtb of the cask, and ths 
product by the number '00034 ; then this last pro* 
duct, divided by 9) vvill give the wine gallons ; and, 
divided by II, will give the ale gallons. 

Dr. Hutton'i Mathematical Diet. vol. i. p. 5^8.. 
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A General TABLE for fijiding the Contkst oil 


fii miif Cask by ihc Slidin 


c. Rule. | 


SO 


Ti-''.' 


ij'SS 


-67 


'978 


»'9i ! 


■84 


i8^36 30-1, 


S' 


ai^ii 




■6S 


,,■69 


1.-76 


■85 


l8-»g K.JO 


■!» 


iri3 


^335 


■69 


.,■60 


11-66 


86 


iS-10 




■53 


ira4 




■70 


■9'S' 


"■56 


■87 


I8-1J 


OO'O] 


■54 


10-95 




■71 


>9-43 


'■■47 


■B8 




'9-'ii 


■IS 


»o-8i 






"935 




-89 


'7-97 


IS-S6 


■57 


«>-67 


":i; 


.73 


.9.8 


ti'i8 


-go 


'7-89 
.7-8. 


.977 
.9-*! 


•jB 


M'S7 




■7J 


.9'09 


= ro9 


■91 


1774 


.9^6o 


■59 


ao-48 


ai6+ 


•76 


19-01 




■93 


,7-67 


'Si' 


■60 


10J9 


12-54 


■77 


■3-9J 


10-91 


"94 '7'S9 




■61 


lOJO 




•78 


18-H; 


1=83 


■9S .7-51 


■9-36 


■6z 




irjs 




■ B77 




96 .7'44 




■63 


iO'i3 




■Bo 


T869 


io-6i 


97 '7-37 


,9-,l 


■i\ 


1004. 
199; 


ii-O! 


■Si 

■Ki 




lO'Sfi 
iC-47 


98 17-JO 1910 

99 17" 19 o> 


■66 


■9-B7 


ii'E6 


■E] 


i3'44 


10-38 1 


00 .7'ii 1B-9J 



The above table of gauge-points was calculated 
by Mr. J«hn Luwry, of the Royal Military Collf^, 
Sandhurst. See tht MathamHcal and PiUoaophcal 
Bepofitoiyf page 119) ^c. 

Tic Uk o/lAe TAitt^ 

Divide the heail-tliometer by tie buiig- diameter, 
to two places of decimals 1 find ibe quulient in the 
coJunin markt^d g, and against it Bland the wicB 
and ale gauge-points. Titcii, 

As the gauge-point en B : (be length of the 
cask on b 'I the bung- diameter on D : the con* 
tent on B. 

Example 1, The head-diameter of a cask is 34*8 
inches, the bung-diamclcr 44'8 inches, and the 
length of the cubk 54 inches; required the cooteat 
in ale and wine gallons i 



Bung- 



J^ung.diam. 44-S 
448 

3584 
179a 

1792 



CIAUGIKG, 

Head-diam. 34'9 
34-8 

2784 
1392 
1044 



200704 
39 

1806336 
602112 

— i^i— - 

782>4-s6 
30^76* 

4053504 

149085*6 
54 

5963444 
7454280 

8050622*4 



Sum, 
Length. 



535 

Bung-diam. 44'S 
Head-diam. 34'S 



1211*04 

605520 
242208 

3027600 



3SH 
179* 
1344 

"Prod. 1559*04 
26 



935424 
311808 

4053504 



S050622-4 

•00034 

tm I 

322024896 
24I518672 

11)2737*211616 

2488374 Ale galioBf. 



304*1346 Wine gallona. 



By the Sliding Rule. 

The quotient arising by dividing ' the head-dia* 
meter by the bung-diameter is 77, and the wine 
and ale gauge-pointS are 18'93 and 20'92» 

'J'^H criD: 54onB s: 44-& on d : ^fl'"^"'? «« »• 

2092 ^ ^^ ^^ I 248* A C. i 

2. The head-diameter of a cask is 24*5 inches^ 
bung-diameter 3\'5, and length 42 inches; required 
its content in ale and wine gallons ? 

J S 95766 ale gallons. 
' ( 117'047 wine gallons. 
The content by the sliding jule is exactly th« 
samct 

3. Required 
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3* Required the content of a cask in ale aD<f 
^vine gallons, whose head-diameter is 24 inche2» 
bung-diameter 32 inches, and length 40 inches? 

J C 112*28 wine gallons. 
^''*- \ 91-86 ale gallons. 
The content by the sliding rule is the same. 

4. The bung-diameter of a cask is 48 inches, 
head-diameter 35*8 inches, and the length 55 
inches; required the content in ale and wioe 
gallons ? 

J C 283*178 ale gallons. 
^"*' \ 346*106 wine gallons. 
The content is the same by the sliding' rule. • 

5. The head-diameter of a cask is 28*2 inches, 
bung-diameter 33*8 inches, and length 48 inches; 
i:equired the content in ale and wine gallons? 

. C 132*36? ale gallons. 
^"** ( 161-782 wine gallons. 
The content by the sliding rule is the same* 

PROBLEM XT. 
Q/* iht ullage of Casks* 

The ullage > of a cask is what it contains when 
enly partly filled, and is considered in two po- 
sitionsy viz. standing on its end, or lying ou one 
side. 

To ullage a lying Cask. 

Rule. Divide the wet inches' by the bung- 
diameter; find the quotient in the column height, (in 
the table at the end of the book,) take out the co^ 
rcspon»Iing /4rea seg» ; multiply this area by the con- 
tent of the cask, and that product by 1»27324; or 
divide it by •7854, the last product, or quotient, 
will give the ullage nearly. 
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By the Sliding Ruk^ 

Set tke bung-diameter on c to 100 on the line 
marked Seg, Ly or s l, viz. segments lying: Then 
look for the wet inches on c, and observe what 
number stunds against it on the segments, which 
call a fourth number. Then, set 100, on a to the 
content of the cask upon b, and against the fourth 
number, before found on a is the quantity of li- 
quor in the caik on b. 

Example 1. Suppofing the bung-diameter of a ]y« 
ing caik to be 32 inches, its content 97*^ ale gal- 
lons; required the ullage for \9 wet inches? 

I '000 whole iiam. 
3») X9*ooo(*594 height. 7854 whole area» 

•406 height* yirea seg, '299155 

'486x45 reiDk 
The content 97*6 

2916870 
3403015 

4375305 



*78s4)47-4477S*o(^o-4 gal. 

Note, Because, in this example, the quotient of 
the wet inches, divided by the bung-diameter» ex* 
ceeds the heights in the table, it is necessary to 
subtract it from the whole diameter, &Ct 

By the Sliding Rule. 

on c. on s Lt on c. on b. 
As 32 : 100 :: 19 : 62*5 fourth number. . 

on A. on b. on a* on s. l. 

As 100 : 97*6 :: 62*5 : 61 gallons. Jns. 

2. The bung-diameter of a lying cask is 25 
inches, the content 48*3 ale gallons, and the wet 

inches 
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inches 11; required the quantity of liquor in the 
cask ? 

M (" 20*46 by calculation. 
*' \ 19'9 ' by the sliding rule. 

3. The bung-diameter of a lying cask is 32 
inches, its content 91*6 gallons, and the wet inciies 
8 ;, required the quantity of liquor in the cask ? 
J J 1 7'9 gallons, by calculatiou. 
^^' \l6* gallons, by the sliding rule. 

To ullage a standing Ca^, 

HuLE. Multiply the difference between the 
squares of the bung and head diameters, by the 
square of the distance of the liquor*s surface from 
the middle of the cask ; and divide the product by 
the square of half the length of the cask, subtract 
one- third uf the quotient from the square of the 
bung-diameter, and multiply the remainder by the 
distance of the liquor's surface from the middle of 
the cask. 

The last product divided by 359*05 for ale, or 
^94*12 for wine, will gire the quantity of liquor 
above, or under half the content of the cask, ac- 
cording as the wet inches exceed, or fall short of 
half the length of the cask. 

By the Sliding Rule* 

Set the length of the cask on c to 100 on the 
line marked 6Vg. St. or SS xiz. segments standing: 
Then, look for the wet inches on c, and observe 
what number stands against it on the segmeuts, 
which call a fourth number. 

Then, 'set 100 on a to the content of the cask 
upon B, and against the fourth number, before found, 
A is the quantity of liquor in the cask on b. 

Exampk 
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Example 1. Suppose in the 
annexed c:isk, whose content 
is yj'G ale gallons, that the 
bung-diameter E F be 32 
inches, head-diaraeter a b 
24 inches, length 40 inches, 
and the wet inches s h 26 ; 
what quantity of ale is con- 
tained in the cask i 




52=:EF 

32 


24 = AB 26=sif 
24 20 = 111 


64 
96 


96 6Diflf. = si 
48 6 


102* 
576 


576 36 Square of si^ 


443 Diff. 
36 


20 = IH 

20 


2688 
1344 


400= I H* 

1024 Sqaare of ef 
J 3*44 


3)l6l28 


3)40-32 Quot. 


1010-56 

6 = si 



13*44 



359-05)6063-36(l6-887 gallons, 
ftbovc half the content of the cask, viz, in ad 
£ F. To which add 48*8 gallons, half the con- 
tent of the cask, and the sum is 65'6S7f the 
quantity of liquor in the cask. 



^i 
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Bi/ the Sliding. Rule, 



Ott c« 
As 40 

on A. 
As 100 



on ss. 
100 






on B. 
97-6 






on A. 

66-1 



un c« on 8S» 
26 : ^6*1 fourth number. 

64*6 galU Jins. 

2. The bung-diameter of a standing cask is 35 
inches, head-diameter 28*7, length 40, wet inches 
30; content in ale gallons 121*5, in wine gallons 
148'5 ; required the content of the ullage in ale 
and wine gallons i 



( 93*93 ale gallons. 

•(H4-;~ 



'76 wine gallons. 
The answer by the sliding rule is the same. 

3. The bung.diameter of a standing cask Is 2^5 
inches, head-diameter 23 inches, length 28'3, wet 
inches 11 ; and the content in ale gallons, 48*3^ 
required the ullage ? 

j«» f 18*01 gallons by calculation* 
^"*- 1 18-3 by the sliding rule. 
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LAND^URVEYING. 

lA.Np^surreying is the art of measuring, planning^) 
and finding the superficial content, of any field, or 
parcel of Innd. In this kind of tneasuring, the area 
or superficial content is always expressed in acres, 
or acres, roods, and perches ; and the lengths of all 
lines, in the fields or parcel of land, arc measure*! 
with a chain such as is described at pages 27 
and 28. 

A line, or distance on the {ground) is thus mea* 
sured. — Having procured 10 small arrows, or iron 
rods, to stick in the ground at the end of each 
chain; also some station-staves, or long poles Witk 
coloured flags, to set up at the end of a station line, 
or in the angles of a field 5 two persons take hol4 
of the chain, one at each end, the furemost, for tho 
sake of distinction, is called the leader, the hinder* 
most, the following. 

A station-staff JB set up in the direction of the line 
to be measured) if there be not some object, as a 
tree, a house, &c. in that direction. 

The leader takes the 10 arrows in his left hand, 
«nd one end of the chain, by the ring, iu his ngnt 
hand, and proceeds towards the station staff, or othiT 
object. The follower stands at the beginning of the 
line, holding the other end of the chain, by the ring, 
till it is stretched straight, and laid, or held level, 
by the leader, whom he directs, by \Vaving his hand 
to the right or left, till he sec him exactly in a line 
with the object towards uhich they arc luciiburi ng» 

M 'i h« 
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The leader then sticks an arrow npcight in (lie 
groutiH, as a mark for the folbwer to come to, and 

Eroeceds forward another chain, at the ead ofohick 
e is directed, as before, by the follower; or he mkjr 
lioir, and at the end uf every other chmin, direct 
himsetf, by moviag to the right or left, till the (oU 
lower and the object measured from, be in oh 
Straight line. Having stuck doirn an arrow, as be- 
fore, the fullower takes up the arrow which the 
leader firet stuck down. And thus they proceed till 
ati the ten arrows are employed, «r in the hands of 
the follower, and the leader, without an arrow, i> 
arrived .it the end of the eleventh chain length. The 
fullower then sends or carries the ten arrows to the 
leader, who puis one of them doimat his end of the 
chain, and proceeds with the other nine and the 
chain, as before. The arrows are thus changed from 
the one to the other, till ihe whole line is finished, 
if it exceed ten chains ; and the number uf change* 
shews bow many times ten chains the line contains. 
Thus, if the whole Hue measure 35 chains *5 links, 
or 3fi45 links, the arrows Lave been changed three 
times, the follower will have 5 arrows in his hand, 
the leader 4, and it will be 43 links from the last 
arrow, to be taken up by the follower, to the end 
«f the liae. 



Of tic Svrvtying Criut, ■ 
The surveying cross consists 
oftfro pair of sights at right 
angles to each other : these 
-eights are sometimes picrsed 
out in ihe circumference of a 
thick tube of brass; and some- 
times the cross-stall' consists of 
four sights strongly fixed upon 
a brass cross, and when used is 
screwed on a staff, having a 
sharp point to slick in the 
ground, Ihe accuracy of tk» 
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crr)sr<«tair depends on the sigliia bring e^iiactly at 
right angles tu each oilier. — A cross-slaff may ba 
Misily made by a carpenter; tlius, take a piece of 
beecli or box, a D B c, of four or five inches iui 
breadth, and three or four inches in depth, and uporv 
A D B c driLvr two linc«, a b and c d, crossing each. 
other at right angles. Then, with a fiiie saw, maks 
two slils, ABO Slid CD II, of about two inches ia 
depth; lix this piece of wood upon a stalTs, ofabuut 
4 and a half, or 5 feet in length, pointed at one end* 
•o that it may easily itick into the greuud. 

PROBLEM I. 

To pifomre Of-tett with a Chain and Cross-ttajf. 

Let Abed t f g be a crooked hedge, river, or 
brook, Sec. and a c a base line. First, begin at thti 
piiiiit A, and measure towards o; when you come 
to B, where you judge a perpendicular must be 
srcctcd, plaoe the cross sltiff in the line a 8 in such 
a position thnt both o and a may be seen through 
two of the sights, looking forward lowardt a, and 
backward, towards a. Then look along one of lh« 
cross sights, and if it point diivctW to tke corner, or 
bend el 6, the cross-stafTis placed right; olherwis« 
move backward or forward along a g till (he crogi 
lights do point to b, and measure n(, which set down 
ill links; proceed thus till ynu have taken all the 
ttff-sets, as in the following field book *. 



* A field hoolc !< uiually Jivlded into three ealumni. Th« 

■ad in the tight ind Left-hand columni, the off'ieci tat remirki 
«re enieiEd. The beil tncthod of eiiieTinE GeM-no»<, thouEh 
fcrhipi not Che moil toaveoiAir, ii lo hcgia at IJK bettani of (he 
fati, «r4 Will* Uwirdt Ibe C«p- 
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FIELD BOOK* 



91 
67 

98 
70 
84 
62 



OfF-sets 



785 = A G 

510 

340 

220 

45 

A go North. 



Base Line a g, 



Left. |or, O, Station. 



OfF-sets 
Rii^ht. 



;B 



To lay doion the Plan. 

Draw the line a g of an indefinite length : then 
by a diagonal scale, such as described at page 25, 
set off A B equal to 45 links, draw b 6 perpendicular 
to A G, and equal to 6*2 links. Next set off AC 
equal to 220 links, or 2 chains 20 links ; draw c c 
perpendicular to a g, and equal to 84 links : tben 
set off A D equal to 340 links, or 3 chains 40 hnks, 
and make Drf equal to 70 links : proceed thus till 
you have completed the figure. 

To cast vp tilt Content* 

A B 6 must be measured as a triangle.; b cc^, 
CJ)dc, D Eerf, ^c. must be measured as trapefoids; 
sec page ii7. Some authors direct you to add all 
the perpendiculars B 6, cc, &c. together, and divide 
thfir sum by the number of them, then multiply the 
quotient by the length a g ; but this method is al- 
ivays erroneous except the off-sets B ^, c c, &c. be 
equally distaut from each other. 
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CALCULATION. 



Ai =45 
1 ^ 1= 62 



90 



2790 



ACri220 
ABZZ 45 

Bcz:i7S 

B^ r: 62 
c c n 84 

Sum 146 

Bf=17$ 



ADr:34o'AErz 510 

ACIZ220 AIMZ34O 



cd:=I2G 

Cf z= 84 
od ZZ JO 

Sum 154 
cor: 120 



Prod, ajsjol i 480 



DEn 170 

D </ rr 70 
B « == 98 

Sum i6g 

01:1:170 

28560 



AP=r634 
AEnsio 

E p r= 1 24 

E * iz 98 
f/= 57 



Sum 15 s 
Ep=: 124 



AC=:784 
AFr=634 

or = 151 

f/= 57 
0|^=i 91 

Sum 148 
pcmsi 



X9£ftol 21348 



2790 
25550 
18480 
28560 
19220 
22348 



double area of a b 6. 
double area of b c c 5« 
double area of c d d c. 
double area of d £ e (2. 
double area of e vfe, 
double area of f g gf. 



2)116948 = double area of the whole in squ. links, 
58474 = area in square links. 



•58474 = area in acrea &= a. 2 a. 13*5584 p. 



2. Required the plan and content of part of s 
4eld, from the following field-book. 
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FIELD-BOOK. 



I 160 
60 




700 ='a G 

550 
450 

325 . 
550 
100 
O A go North. 



#w 



CrosvHedgc. 

46 

15t) 

60 

lOO 



Base Line a g. 



Off-sets 
I Rioht. 




The figure must be laid down, tind the content 
calculated as in the first example. Thus you vd\l 
find the area of the part -RdcbaA to be 1 R. 13*4 p. 
ai)d of the part i^fgo to.be 30 perches; so that tht 
uholc is 2 roods 3'4 perches. 



PROBLEM IL 
To measure a Field in the Form of a Trapeztmn. 

Sol up station-staves, or long poles, at the comej» 
A, B, r. Then begin at d, and measure along th» 
diagonal d b, in a straight line, till yuu come to th* 
y>lacc of the perpendicular a f, which will be known 
by looking backward and forward through the sights 
of the cross-staifi as before directed* Make a mark 
at F, and measure the perpendicular a f ; then pro- 
reed from F towards B, and whrn you come lo E, 
the place where the second perpendicular will fall, 
niakeu mark, and measure the perpendicular Ec; 
lastly, continue your measure from E to b. You 
may either draw a rough plan of ^he fi^d by the 
eye, and write the length of the diagonal and per- 
pendiculars ou it, whicii sojne writeri recommend 
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m8 tite best method ; or iet them dowo in a ^^\^ 
hoek^.thus : 

FIELD-BOOK. 



342 



Off-sets 
Left. 



13bO= AB. 

1190 

600 

O D go East 



Station G» 
or Base Line. 



625 



Offsets 
Right. 



To lay down the Plan. 

Draw the station-line 
93 equal to 1360 links^ 
or ld'60 chains; from i> 
set off D-F equal to 6OO ^' 
links, or 6 chains ; draw 
A F perpendicular to db, 
and equal to 342 links, or 
3 chains 42 links: make 
D E equal to ll^O links, 
and at b erect the perpendicular e c equal to 6Q5 
links. Join D a, ab, bc, and dc, and the field ii 
constructed. 

CALCULATION. 

This field being a trapezium, its content must be 
fuuiid as directed in Prob. VII. p. 35. 

A F = 342 links. 

B C = 625 _ 




Sum 967 

680 lialf the diagonal d i. 

77360 
5802 



6'57 56*0 area in acres «= 6 acres 2 roods 

12*096 perches. 

v 4 2. Re- 



w# 



LAKD^SraVETIKft. 



- 2, Required the-plan and content ©f d ilcld fnm 

liie following field-book. 



FIELD-BOOK. 





39'^ = D B 

362 

214 

O i> go North. 




3(^6' 




210 






Offsets 
Left. 


Station. O, or 
Base Line. 


Offsets 
Riuht. 




j4ns. The content is 1 acre 2 roods 4*3776 perches. 

Note, In either of the foregoing figures, if the 
sides D c; C 6, B Ay A B, aqd the diagpnal l> B, had 
been measured >vith the cluiin, the figures might 
Lave been planned, and their contents found by 
Prob. V. p. 3 J, without using a cross-btaff, or mca* 
suring the perpendiculars A F and cs. 

Unskilful measurers frequently measure round a 
four-sided fields aud £nd the content by adding eacb 
two opposite sides together, and taking half their 
hum ; then they multiply these half sums together 
for the area. It may be necessary to inform the 
learner, that this method is, generally, very errooe- 
'huSf and ought never to be practised. 

PROBLEM III. 

To measitre afour^ided Field with crooked Hedgei^ 

Set up staves, or poles, at the corners d, c, b, as 
before directed. Then begin at a, and measure 
from A to' B, noting all the necessary ofF-sets, and ia 
this manner go round the field, then measure th« 
iliagonal a c» 



¥i£&I]i 
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Diagonal a c = 1294. 



100 
200 
150 



800 s DA 
700 
400 
200 

D go 
Southward. 



1000 = c D 

900 50 

700 150 

500 100 

300 200 

O c go 
Westward. 



1500= BC 
700 
200 
O B go 

North. 



750 = A B 
550 
400 
300 - 
O A go S.E. 



OfT-sciv 

bft. 



Stalions, oi 
Base Lines. 



150 
200 



80 
130 
100 



Off-sets 
Right. 




• M 5 



CALCK- 



^5t 



bAVI>-SIIRV£YlMG, 



'•I 



CALCULATIOK. 

The sides of the triangle A b c are 750, 
1500, and 1^94 links, and its con- 
teni, by Prob. V. page 31. 
The sides of the triangle a c D are -v 
JdOO, 800, and 1294 links, and its C 
content, by Prob. V. page 31. J 

Content of the off sets along a b = 

Ditto — — along bc = 

Ditto alon2 c d = 



Acres. 
4-85239 

S-999or 

O*502o0 
1-675(0 
1 07500 



Sum = 
Content of the off-sets along D a, deduct. 



12-10396 

rooooo 



Remains the content of tlic field = 1 1*10396 



PROBLEM IV. 
To measure an irregular Field, 

"Set up station staves at every angle, and divide 
the field into trapeziums and triangles ; 

Tnus, begin at a anti measure in a straight line 
towards c ; at a take the perpendicular a i, and at 
m the perpendicular wi B. Then measure from c 
towards h ; at w take ihc perpendicular »D, and at 
« the perpendicular o i. 

Next measure from ii towards e ; at w take the 
perpendicular wn and at v the perpendicular v D. 

Lastly, measure from £ towards G ; and at s take 
Jhe perpendicular s F*. 

To cast up the content, draw a rough figure of 
tlie field, and place the dimensions upon the lines as 
you proceed. 

Or, the dimensions being given in the following 
fcld-book, required the figure and the content. 



* If any of the hedges A B, »c, Sec, be crooked, thes« iioM 
ktfsrbc Measured and off-sets tal^n as is Pioblem ill. 
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riELD-BOOK. 



268 



280 f 790 
350 



140 



200 



900 = E G 
550 

E, go S. W. 



1100= HE 



Qh, go East 



1180 = CH 

710 

350 
O c, go s. w. 



900 = A c 

430 
300 

©A, go S,E. 



Off-sets Stations, O , or 
Left. I Base Lines. 



410 



280 



450 



Off-sets 
[Right. 




CALCULATION. 

Square Links* 
The area of the trapezium a b c i = 292500 
The aroa of llie trapezium c D ii i = 247800 
'1 he area oi" tiie ira|iezimn IIG ED = 3796CO 
'i lie aiea ol the triangle e f © = 12i)6"00 



The area of the whole - 1040400 



Cut off five fij;urcs from the right-hand, aijdl 
the result wiU be 10*40400 acres = 10 acres, 1 k. 
i24C)4 p. 

M 6 S. Require^ 



isi 



tX*fa'-8^*AtAliir6^r 



2. Required the plan and content of aii irregular 
field, from the following 



FIELD-BOOK. 



140 
553 
380 


1020 — FA 

1410 

1100 

940 

735 

380 

240 
O Fj go N. w. 


435 

600 
265 
480 


Off-sels 

Left. 


Station, 0> or 
Base Line. 


Off-sets 
Right. 




This field when constructed, is exactly similar 
to the former ©ne. The content of the off-sets 
must be found as in Problem 1. Thu», 

Square Linksr 
The content of a b c i> IE y wlH be found 601000 
The content of a i H G F ~— — 439390 



The area of the whole - 1©403S0 



Cut off five figures, and the result will be 
10*40390 acres = 10 a. 1 u. 24624 p. 



PROBLEM V- 
To sur'cty a large Estate •• 

If the estate be very large and contain a great 
number of fields; it cannot be accurately surveyed 
and planned, by measuring each field separalclyy 
and then putting them together; nor by taking all 



* EmersQti's Surveying, page 47, ct se^. 



tb* 



flic angles, and measuring the boundaries Xfhich en- 
close it. For, in these cases, the several small 
errors will be so multiplied, that the different fields 
cannot be correctly laid down ia the plan, and the 
whole figure of the estate will be distorted, — Pro- 
ceed in the following manner. 

1. Walk over the estate two or three times in- 
©rder to get a perfect idea of it, or till you can re-^ 
fain the figure of it in y^ur mind* And to assist 
your memory make a rough draft of it on paper^ 
putting the names of the different fields within them, 
and noting down the principal objects. 

2. Choose two or more elevated places fn ihe 
Estate, for stations, from whitrh all the principal 
parts of it can be seen; and let these stations be as^ 
far distant from each oth'jr as possible. In selecting: 
the stations, be careful that the Imes which connect 
them may run along the boundaries of the estate, 
or some of the liedges to which off-sets may be taken 
when necessary. The smaller the number of sta» 
tions you have to command the whole, the more 
exact your work wUI be, and especially if two or 
more lines proceed from one station. 

3. Take such angles, bi^tween the stations, as yoi> 
think nccessar}', and measure the distances from 
station to station, always in a straight line: these 
things must be done, till you get as many angles 
and lines as are sufficient tor determining all the 
points of the stations. In measuring the several 
station-distances, mark, accurately, where you cross 
any hedges, ditches, roads, lanes, paths, rivulets, 
&c. and where any remarkable object is placed, by 
measuring its perpendicular distance from the sta- 
tion-line; and be particularly careful always to 
measure in a straight line, which you may deter- 
mine by taking backlights and foresights along the 
station line with a cross-staff or a theodoliti*. Also, 
take off-sets to all the ends of hedges, and to the 
different bends thereof which may fall near the sta- 
tion*line, aad to any pond^* house, iiiiil^ bridge, kc. 

noting 
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noting every thing down that is rennarkablc; (or 
these are the dtUa, by which, the places of such ob- 
jects are to be determined on your plan. 

Be careful to set marks up at the intersections 
of all hedges with the station line, that you may 
know where to measure from when you come to 
survey the particular fields which arc crossed by this 
line. These fields must be measured as soon as you 
have completed your station line, whiUt they are 
fresh in your memory. In this manner all the sta- 
tion«lines must be measured, and the situations of 
all the adjacent objects determined. It will be 
proper to lay down the work on paper every nighty 
when you go home, that you may see how you go 
on. 

4. With respcct'to the internal parts of the estate, 
they must be determined in like manner, by new 
station-lines: for, after the main stations arc deter- 
mined, and every thing adjoining to them, then the 
estate must be subdivided into two or three parts by 
new station lines; taking the inner stations at pro- 
per places, where you can have the best view. Mea- 
sure these station lines hs you did the first, and all 
their intersections with hedges, ditches, roads, &c, 
also take off-sets to the bends of hedges, and to such 
objects as appear near these lines. Then proceed 
to survey the ai'joining fields, by taking the angles 
which the sides make with the station-line at the 
intersections, and measuring the distances to each 
corner from these intersections: for, every station- 
line will be a basis tu all future operations; the 
situation of every object being entirely dependent 
on them, and therefore they should be taken of as 
great length as possible; and it is best for them to 
run along some of the hedges or boundaries of one 
or more fields, or to pass through some of their 
angles. All things being determined for these 
stations, yon must take mere inner stations, and 
continue to divide and subdivide,, till at lust you 
coMxe to single di^^lds ; repeating the same work for 

tkft 
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the inner stations as for the outer ones, till the 
whole is finished. The oftener you close your 
Tvork, and the fewer lines you make use of, the less 
you will be liable to error. 

5. An estate may be so situated that the whole 
cannot be surveyed together, especially if one part 
cannot be seen from another. In this case, you 
may divide it into three or four parts, and survey 
each part separately, as if they were lands belonging 
to different persons, and at last join them together, 

6. As it is necessary to protract or lay down the 
work as you proceed in it, yoii must have a scale of 
% proper length for that purpose. To construct 
such a scale, measure the whole length of the estate 
in chains, then consider how many inches long your 
plan must be, by these means you will be able to 
ascertain how many chains to an inch your scale 
must be, and make it accot'dingly, or choose one 
ready made ot the proper dimensions. Ivory scales, 
chafitfered^ and graduated close to the edge, are the 
most convenient. 

7. Then trees in every hedge- row should be placed 
in iheir proper situations, but these may Imj taken 
by guess, in a rough draft, sufficiently exact, being 
only for ornament; excepting such as are at re- 
markable places, as at the ends of hedges, at stiles, 
at gates, &c.J and these must be measured. In all 
the hedges, observe on which side the ditch is situ- 
ated; and to whom the fences belong* 

Example by the chain and cross-staff. 

The measurement begins at a, and a direct line is- 
measured to n, in which line every station, intended 
to be measured from, is carefully marked. Thus at 
2* a line is measured to the right, at *3 W) the left, 
at4* io the right, at •o to the left, at 6* to the 
right. Fr »m b the measurement continues to c 
(the mark V shews that it goes to the right) and 
from c to D which completes the large triangle dbg; 

Ike 
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the correctness of the admeasurement is proved by 
other station-lines, as from 8 ' to 7*> * 10 to 6^, 
and* 11 to4». 



^n 




Again, c B is continued in a straight line to 1? 
and the measurement proceeds from 12 to 15; this 
line cannot be laid down on the plan till the distance 
from ♦ 14 to A D is measured, and the admeasure- 
ment is checked by measuring from ♦3 to * 13, and 
from * 5 to w. For the other lines see the following 
Tidd Booky where the stations measured from are 
inserted in the left hand corner, and the stations 
measured ^o in the right; where a hedge is crossed 
by a station-line nearly at rigl<t angles it is marked 
thus — , when obliquely thus ' or thus \ when very 
obliquely thus 1, other appropriate marks might 
have been introduced, but they cannot be expressed 
conveniently without having types cast for the pur- 
pose. 



— Cross' 



LiviKaunvBviiiv. 





i?y* 


- - - - (0 ' y 


— Cross hedpi' 


J 46*4. 


CrosB hedge 22 — 


' Cluss lieilgr 


if:o 


Crois Lcdgi;32 — 




(>5f) 


60 


From A 


3i0 


43 




3074 


- - - - (O I) 


■^ Cross Itp.l^i 


2494 


Crobs liijJi;o — 


• y touch htci-p 


2072 




54 


1730 




— St 


1530 


Cross l,.<ise — 




i4-;o 


8" 


36 + 31 


l!70 


Crois hedge — 


From C -1 -K 


280 




AlntiB Ihr licitj. 


2574 


- . - - (o t 


JO touch Lie(<Kc 


1794 


1* 


64 


hi 64 




76 


1338 




9b 


1340 




£2 + 3* 


1130 




34 


sfio 




Prom Br- 6b 


ISO 






4450 


.... ioi, 




34SO 


S* 


•5 


2630 




' Cross bcigi 


2590 


Cross lieilgc ' 


. Cit«» bfrijjc 


2210 


Cross iieJyo | 




2080 


\ * 


•3 


1574 




— Cross h<!,W' 


1550 


Cross lu-<lge - 




R90 


D or 2 • 


1 Cross lieJge 


806 


Cross hclgc ' 


FfW. A 


O A 


gri NorlJi west. 


Off-»elS Wt. 


Li'm''o. 


Off-seli right. 
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•li 


4440 


g6 - - - ^« M. 


• 14 


4420 






3884 


- 


— Cross hedge 


3380 


Cross hedge 60 — 




2S92 


90 


^ Cross hedge 


2592 


Cross hedg^ ^ 


*13 


2544 


120 




2070 


56 


/Cross hedge 


1900 


Cross hedge ^ m 


60 


1770 




160 


1320 




40 


650 




80 


360 




From 1« 20 


170 






220 


- - - - /o 12 


CB produced to 12 r" 


19Q 


Cross hedge 46 




1310 


56 - - - to 4,* 




836 


56 


— Cross hedge 


684 


Cross hedge 50 — 


From* 11 








1480 


- ' ^ . to6* 


— Cross hedge 


1004 


Cross hedge 36 — 


»11 


930 






7«0 


48 


From • 10 


400 


30 




1480 


Along hedge to 7* 


— Cross hedge 


1004 


Touch hedge [ 


♦10 


§80 
610 






34 


From 8» 


280 


32 


Off-sets left. 


Station 
Lines Q, 


Oflf-sets right. 



*— Cross 
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9S9 



' — "" 

-* Cross hedge 

44 

70 
From ♦S to ♦IS 6o 


1600 
1028 
940 
666 
310 
236 


1 . - . /o*^13 
[Cross Hedge — 
p 


— Cross hedg^ 
From to v. 


2280 

2270 

1552 

1380 

950 

860 

768 


Hedge 
. - - • to \ 

180 

96 

110 

Cross hedge — 
p 


• 

From ^ 5 to m. 


1094 
644 


- - • - t9m 
o 


480 to D 

— 80 Cross hedge 

60 

60 

30 

Touch hedge 

' Cross hedge 

Cross hedge 

From 14 /• a d. 


2148 
1950 
1836 
1724 
1600 
1480 
1320 
1080 
750 


510 t0 a; m to aj> 

Y 

Cross hedge — 

Cross hedge / 
Cross hedge 50 — 


Off-sels left. 


Station 
Lines O. 


Off-sets right. 



From 
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ttvm X 


360 


- - - - tor 


fFrom 11 


954 
730 


. - - - toi 

V 


From A 


744 
672 


- - - - to G 

Cross hedge — 


^ Cross hedge 
H Cross hedge 

From w 


ll60 
890 
670 
376 
Q56 
144 


- - - - ioi/ 
Cross hedge ^ 
Cr«->ss hedge 40 — 
o 

150 
160 


40 

76 
FremTto*lS 76 


580 
500 
300 
100 




70 From n towards p 


1068 
1032 


- - ^ - i§2 
Cross hedge 


180 From ♦ 14 to- 
wards • 15 


1676 
S96 
632 
588 


- - - - tovr 
24 [comer 
Cross hedge 50 to 

T 


Off-sets left. 


Station 
Lines 0. 


Off-sets right 



PRO- 



PROBLEM VI. 

To survey a Town or City •• 

Here it will be proper to have an instrument for 
taking angles, as a theodolite or a plain table: the 
latter is a very c(»nvenient instrument, because the 
minute parts may be drawn upon it on the spot. A 
chain of 50 feet long, divided into 50 links of one 
foot each, \vill be more convenient than the common 
surveying chain, and an offaet-stafF of 10 feet long 
will be very useful. 

Begin at the meeting of two, or more, of the prin- 
cipal streets, through which you can have the most 
extensive view, and consequently the longest station- 
Klines. Having fixed your instrument at this point, 
draw lines of direction along the streets, using two 
men as marks, or use poles fixed on wooden pedes- 
tals, or such objects as may conveniently present 
• themselves, viz. windows, doors, corners of houses, 
&c. 

Measure the station-lines with the chain, and take 
off-sets with the staff to all remarkable places on the 
right and left, such as churches, public buildings, 
markets, halls, colleges, remarkable houses, &c. and 
where necessaiy take their dimensions. 

Remove the imtrument to another station in one- 
of the lines already measured, then proceed as be- 
fore, and so on till the whole is finished. 

The principal streets being measured, proceed to 
the smaller and intermediate streets; and, lastly, to 
the lanes, alleys, courts, yards, and every part requi- 
site to be represented in your plan. 

I' ■ I I.I. .. . , , .11 . I , I . — !■«■■, H I II i^M^lfc 

• EmersQn^s Surveying , p. 57, ct ie<j. 



Thus, 
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Thus, lei B be the first fitation, where a street runs 
off to the righty take the angle c K F, and measurt 
the length of the street b c ; when you come to tht 
street o, on the left hand, note its distance from B, 
aiid measure the width of it. Remove the instm- 
ment 'to c, the mark which is at F to B, and that 
which is at c to b, and measure the angle BCD, 
noting 4he street on the right-hand of c. 

Measure c b, and be careful not to omit taking 
the dimensions of the streets m and n on the left 
and right, and also their positions. Remove the 
instrument to p, the mark which is at b to c, and 
that which is at D to e, then take the angle c d e. 

Bring the mark c to d, and B to F ; then fix th^ 
instrument at e, and take the angltt D £ f ; measure 
2> £ and £ y;^ in measuring along £ f, note the two 
streets on the right and left at v. Again, 

Place the instrument at f, and take the angU 
£ F B ; at F, a street goes forwards to a, and another 
turns to the right : measure f b, and in the waj 
take the width and situation of the two streets at z; 
having arrived at B, a part of your survey is com« 
pleted, and may be laid down on paper. In a simi- 
lar manner, you must proceed till the whole i# 
inisksd. 
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PROBLEM VII. 

To cut ^ from a Plan a given number of Acrei^ &c» 
hy a Line drawn Jrom any point on fhe side of it. 

Let A be the given point in (be 
tnnexed plan, from which a line 
is to be drawn, towards B, so as 
to cut off five acres 2 roods 14 
perches. Draw a b, so as to cut 
of! a quantity a B c, as near the 
quantity proposed as you can 
judge ; and suppose the true quan- C 

tity of ABC, when calculated to'be only 4 a. 3^. 
20 p., which is 2 R. 34 P. = 114 perches = 71256 
square links too little. Then measure a b, whick 
suppose equal to 1 294 links, by the half of which, 
«2Z. 6i7 links, let 71250 links be divided; the quo- 
tient, 115 links, will be the altitude of the triangU 
to be added, whose base is a b, therefore make b d 
ss 115 links, and draw a d^ which will cut off tht 
quantity required. 




MISCELLANEOUS QUESTIONS IN 
MENSURATION. 

1. If a pavement be 47 feet 9 inches long, and It 
feet 6 inches broad, how many yards are contained 
in it ? Ans. 98 yards 1 foot. 

2. There is a room whose length is 21*5 feet, and 
the breadth 17*5 feet, which is to be paved with 
BtoneSj each 15 inches square; how many such stones 
will pave it ? Jm. l67| stones. 

3. Ther« 
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3. There is a room 109 feetp inches about, and 
9 feet 3 inches high, which is all (except two win- 
dows, each 6 feet 6 inches high, and 5 feet 9 inches 
broad) to be hung with tapestry that is ell-broad; 
how many yards will hang tlic said room ? 

From the content of the room, subtract the co?i» 
tent of fbe windows, and divide the remainder by 
the square feet in a yard of tapestry, viz. II J feet, 
«,nd you will find the answer to be -^3*59 yards. 

4. If the axis of a globe be 27'^ inches, what an 
the solid and superficial contents f 

10889-24375 inches = 6\S feet solid. 
2375*835 inches = 16-49 feet superficies. 

.5. There is a segment of a sphere, the diiiroeter 
of whose base is 24 inches, and its altitude 10 inches; 
what are the solid and superficial contents, including 
tfai! area of its base ? 

J ("2785*552 inches, the solidity. 
' 1 1218*9408 inches, the superficies. 

6. If a tree girt 18 feet 6 inches, and be 24 feet 
long; how many tons of timber are contained in that 
tree, using the customary method of measuring, and 
allowing 40 feet of timber to a ton ? 

Ans, 12 tons 33 feet 4 inches 6 parts. 

7* There is a cellur to be d\ig by the floor, the 
length of which is 33 fviet 7 inches, and the breadth 
18 feet 9 inches, iind its depth is to be 5 feet9 inches; 
how many floors of earth are in that cellar? 

Jns. 1 1 floors 56' feet 8 inches 5 parts* 

Note. A floor of earth is 324 solid feet. 

8. There is a roof covered with tiles, whose depth 
on both isiilos(with the usual allowance at the eaves) 
is 25 feet 6 inches, and the length 48 feet 9 inches; 
how many squares of tiling are contained in it? 

Ans. 17 squares 30 feet 7i inches. 

9. There is a cone, the diameter at the base beiog 
42 inches, and the peipendicular height Q'i inches; 
it is required to cut ofi two solid feet from the lof 
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eaiil of it; what length of the perpendicular must be 
cut olf ? jins. 40*436* inches. 

10. If a square piece of timber be 12 feet long, 
and the side of the square of the greater end 21 
inche», Reside <if the square of the less end 3 inches; 
hdw far must I measure from the greater end, to cut 
off five solid feet ? . Atis. 1 87 2. 

11. Three men boug;ht a grind-stone of 40 inches 
diameter^ which cost 20 shillings ; of which sum the 
first man paid 9 shillings, the second 6 shillings, and 
the third 5 shillings; how much of the stone must. 
each man grind down, proportionably to the money 
he paid ? 

Atis. The first man must grind down 5*l67603 
inches of the radius; the second, 4'832397 inches; 
•nd the third, the rest, which is 10 inches. 

12. It is required to divide a cone into thre« 
equal parts, by sections parallel to the base, and t» 
find the altitudes of the three parts, the height of 
the whole cone being 20 inches? 

f The upper part = 13*867 inches. 

^/tj.< The middle part = 3*6*04 inches. 

t The lower part = 2*528 inches, 

13. There is a cistern, whose depth is seven-tenths 
of the width, the length is 6 times the depth, and 
the solidity is 36'7'5 feet ; what are the depth, wi<Jih, 
and length, and how many bushels of corn will it 

bold? 

Ans* The depth is 3*5 feet, width 5 feet, and length 
21 feet; and it will hold 295 bushels 1 peck 4 pints 
•f corn. 

14. Suppose a bushel to be exactly round. 

And the depth, when measured, 8 inches be found ; 
If the breadth 18 inches and hulf you discover, 
This bushel is legal all England over*". 



* BjT Act •f Parliament^ made in 169**. 

N But 
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But a workman would make one of another frame; 
Seven inches and ^ half the depth of the same; 
Now say, of vihat length must the diameter be, 
That it may wi^ the former in measure agree ? 

Atts^ 19*107 inches. 

1 5. In the midst of a meadow well stored with grass, 
I took just an a-cre to tether my- ass; 

How long must the cord be, that feeding all round, 
lie may 'ut graee less nor more than his acre of ground f 

Ant, 117 feet 9 inches. 

16. A malster has a kiln, that is l6 Icet 6 inched 
square; but he intends to pull it down, and build a 
new one, that may be large enou^ to dry three times 
as much at a time as the old one will do ; what will 
be the side of the new kiln i Atis. 28*578 feet. 

17* If around cistern be 2S*3 iliches in diameter, 
and 52*5 inches deep ; how many inches in diameter 
must a cistern be to hold twice the quantity, the 
depth being the same ? And how many ale gallons 
will each cistern hold ? 

Ans. The diameter of the greater cistern is 37*19 
inches, and its content 202*275 gallons ; hence the 
content of the less cistern must be 101-137 gallons. 

18. If the diameter of a cask at the bung be 32 

pches, and at the head 25 inches, and the length 40 

iuches; how many ale gallons are contained therein? 

Am, 94*41 gallons by the general Rule, p. 233. 

ip. There is a stone 20 inches long, 15 inches 
broad, and 8 inches thick, which weighs 217 pounds; 
required the length, breadth, and thickness of ano- 
ther of the same kind and shape, which weighs 1000 
pounds? 

(The length 33*282 inches. 

Am.< The breadth 24*96l inches. 

(^ The thickness 13*31 2 inch^. 



20. If 
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20. If an iron build, whose diameter h 4 inches^ 
weighs 9 pounds ; what will be the weight of ano- 
ther bullet (of the same metal) whose diameter is ' 
9 inches? Ans. 102*515 pound** 

21. There is a square pyramid of marble, each 
side of its base is 5 inches, the height 15 inches, and 
its weight is 12 pounds and a quarter ; required the 
weight of a similar pyramhd, each side of whose bas» 
is 30 inches. Ans. llie weight is 2646 ppunds. 

22. There is a ball or globe of marble, whose dia* 
meter is 6 inches, and its weight 11 pounds; what 
will be the diameter of another globe of the sam« 
kind of marble, that weighs 500 pounds ? 

Am. 21*4 inches* 

23. Tlierc is a fcostum of a pyramid, whose bases 
are regular octagons ;, each side of the greater base > 
is 21 inches, and each side of the less base is 9inche8y 
and its perpendicular length is 15 feet ; how many , 
solid feet are contained in it ? Ans* 1 19*2 feet* 

24. There is a frustum of a cone, the diameter of 
the greater base is 36 inches, the diameter of the lea 
base 20 inches, and the length or height 215 inches i 
required the length and solid content of the whole 
cone^and also the solid content of the given frustum^ 

J f The solidity of the whole cone = 94'98 feet. 
'^' \ The solidity of the frustum = 787 feet. 

25. If the top part of«a Cfine contains 26l7l solid 
inches, and is 200 inches in length, and the lower 
frustum thereof contains 159610 solid inches; what 
is the length of the whole cone, and the diameter of 
tach base ? 

CThe length of the whole cone 384'3766 inches. 

Ans. <Thii diameter of the greater base 42*9671 in. 

cThe diameter of the less base 22*3568 inches. 

26. There is a frustum of a cone, whose solid con- 
tent i)i 2Q fcet^ and its length 12 feet; the greater 

N 2 diamtter 
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ilia meter is to the less as 5 to 2.; %vbat arc the dia- 
meters ? 

. r2-C)5012 feet. 
'^^^' I -80804 fcfU 



27, There is a room of vvain&cot 129 ^"^^ ^ inches 
in circumference, and l6* feet 9 inches high (being 
^irt over the moul(lini];s ;) there arc two windows, 
Ciich 7 feet 3 inches high, and the breadth of each, 
from check lo cheek, 5 feet 6 inches ; the breadth of 
the shutters tif each is 4 feet 6 inches;, the cheek- 
b<)ards and top and bottom boards of each wimlow, 
I'.tken toi^etlier, 24 feet 6* inches, aiid t!]eir breadth 
1 h)t't P inches ; I he door-case 7 feet hiirh, and 3 feet* 
b* inrhe?* wide ; the d<»or 3 teel 3 inehtb wide ; how 
uvduy yards of waintcot are c^ntaiiied in tijai loom? 

P. U P. 

1 he content of the room . - i. - Zl69 1 6 
The shutters, at work and half - - - 97 10 6 
The door, at work and half - - - - ;S4 1 C 
Tke cheek'boards ------- 85 90 



The sura 2385 10 6 
I'he window^lights and door-case deduct 104 SO 



9)2282 7 6 

253 5 
Ans. ^53 yards 5 feet. 

28. There is a wall which contains 18225 cubic 
f<*et, the height is 5 times the breadth, and the length 
8 times the height ; what are the length, breadth, 
and height ? 

I The length = 180 feet, 

Ans, \ The breadth = 4*5 feet 

^ The height = 22-5 (ef^U 



29. The 
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29. The upper end of a May-pole was broken off 
by a b]a«t of wind, and, in falling, struck the ground 
at 15 feet distance from the foot of the part standing, 
the broken piece was 39 feet in lengthy what was the 
length of the May-pole ? » Ans* 75 feet. 

do* A May-pole there was, whose height I would 
know, 
The sun shining clear, straight to work I did go : 
The length of the shadow, upon level ground, 
Just 8ixty*five feet, when measured, I found ; 
A staff I had there, just five feet in length; 
Tjie length of its shadow was four feet one- tenth : 
How high was the May-pole, I gladly would know ? 
And it is the thing you're desired to show. 

Jns. 79'26 feel. 

31. What will be the diameter of a globe, when 
the solidity and superficial content of it are equal ? 

Ans, 6: when the diameter of the globe is 1, the 
solidity is to the superficies as 1 to 6. 

32. What will the axis of a globe be, when the 
solidity is to the su perries, as 9 to 4 ? Jus, 13 '5. 

33. There are three grenado-shells, of such capa« 
city, that the second shell will just lie in the conca- 
vity of the first, and the third in the concavity of 
the second* The solidity of the metal of the first 
9hell is equal to the number of solid inches which 
would fill its concavity : the solidity of the metal of 
the second shell is in proportion to the number of 
solid inches which wouy fill its concavity as 7 is 
to 5 ^ and the solidity of the metal of the third shell 
is in proportion to the number of solid inches which 
would fill its concavity as 9 is to 4, The diameter 
of the first shell is 16 inches ; required the diameters • 
of the second and third shells, the thickness of each 
sh.el), and aUo the weight, supposing a solid inch of 
»fon to wei^h 4 ounces avoirdupois i 

v^ 3 AmoKf 
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Answer, 

f First shell = 
The diameter of the < Second shell 

(Third shell s 



id* inches. 
= 12-699 inches, 
=» 9*4f85 inches. 



The thickness of the S 



metal of the 



First shell = 1*65 inches. 
Second shell =x 1 '607 inches, 
(.Third shell = 1-541 inches. 



€ First shell = 
The weight of the < Second shell 

( Third shell = 



268*08 pounds. 
= 1 56-38 pounds. 
= 77*33 pounds. 



The internal diameter of the first shell is equal \» 
the external diameter of the second ; and the inter- 
nal diameter of the second, is equal to the external 
diameter of the third. 



34. On Shrove-Tuesday last, Til tell you what passM 

In a neighbouring gentleman's kitchen. 
Where pancakes were making, with eggs and witk 
bacon. 

As good as e'er cut off iijlitchen. 
The cook-maid she makes four lusty pancakes, 

For William, her fav'rite gard'ner; 
" Prajf be quick with your four," cries Jack, "and 
make more, 

For William won't let me go partner." 
Being sparing of lard, the pan's bottom she marr'd, 

In making the last of Will's four. 
So she said, " Fry^thee, John, run and borrow a pan, 

Or else I can't make any more." 
Jack soon got a pan, but he found by his span, 

That the first was more wide than the latter; 
This being a foot o*t?r, whereas that before 

Was three inches more, and a quarter. 
Jack cries, " Don*t me cozen, but make half a dozen, 

For the pan is much less than before :" 
ftays Will, *• For a crovin, arid I'll put the cash down, 

V»nii «j? will b-e more than itiy four/* 
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** Tis donf ,^ says brisk Jack, and his cromn, he did 
stake. 

So both of them sent for a ganger : 
The dimensions he takes of all their pancakes. 

To determine this impdrtant wager : 
lie found by his stick, they were equally thick^ 

So one of Will's cakes he did take, 
Which he straight cut in twain, twelve-one-fifth th« 
chord-line *, 

And gave the less piece unto Jack : 
•* To the best of m^ skill," says the ganger "this will 

Make both your shares equal and true*'* 
Will swore that he lyM ; so the point to decide, 

They refer themselves, SirSy unto you. 
Then pray give your answers, as soon 2& you can,&'r«y 

For what with their quarrels and jars. 
We're afraid of some murder, for n© day goes over. 

But they fight, and are cover'd with scars. 

New London Magazine^ 1786, p. 158. 

Ans, The verseil sine of the segment of Will's cake, 
which was given to Jack, was 3*05 inches, and its 
area26'*0058 square inches; hence, WUVssXnxre was 
704*6125 square inches ; and Jack*s share 704*5914 
square inches; so that Will's four were about 26 
square inches more than Jack*s six; and Will of 
course lost the wager. After the decision of the 
gauger. Will's share was nearly ^'^ of a square inch 
more than Jack's. 



* ii| mchits. 



ATablb 



TABLE 



OF THE 



AREAS 



OF THE 



SEGMENTS OF A CIRCLE, 

Whose diameter is unify^ and supposed to be divided 

into 1000 equal parts. 



Height 



•001 

•00$:, 
•003 
•004 
•005 
•006 
•007 
•008 
•OOP 
•010 

•on 

•012 
•013 
•014 
•015 
•0l6 

•017 
•018 1 

'019 
•020 

•021 
•022 
•023 
•024 1' 



Area Seg. 









•000042 
•000119 
•000219 
•000337 
•000470 
•000618 

•000779 
•000951 
•001135 

•001329 
•001533 

•001746 

•001968 

•002 J 99 
002438 
•002685 
•002940 
•003-:02 

•003471 

•003748 
•00403 1 
•004322 
•004618 
•004921 



Height 



•025 



•026 

•027 
•028 

•029 

•030 

•031 

•032 

•033 

•034 

•035 

•036 

•037 

•038 

•039 
•040 



Area Seg. 



•005230 
•0U5546 

•005867 
•006194 

•006527 
•006865 
•007209 
•007558 
•007913 
•008273 
•008638 
•OO90O8 
•009383 
•OO9763 
•010148 
_. ^010537 

041 •010931 

042 •OH 330 



Hoighr. 






•043 
•044 
•045 
•046 
•047 
•048 



•011734 

•0121421 

•012554 

•Oi?971 
•013392 
•013818 



•049 
•050 
•051 
•052 
•053 
•054 



Area Seg. 



•Ol4j247 
•014681 
•015119 
•015561 
•016007 
•016457 



'056 '016911 
•056 -017369 
•057 •017831 
•058 -018296 
•059-018766 
•060 1 -019239 
•061 J -019716 
t)62 (•020196 
•063 J -020^9 1 
•064 -021168 
•065 ^021659 
•066 -022154 
•C67 "022652 
•068 -023154 
•069 -023059 
•070 -024168 
•071 •024080 
•072r0251i'5 
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Height. 
'073 

•074 
•075 
'076 

077 

078 

•079 
•080 
•081 
•082 
•083 
•08* 
•06o 
•080 
•(j87 
•088 
•089 
•090 

•091 
•092 
•093 
•094 
•095 
•096 

•097 
•098 

•099 
•100 

•101 
•102 
•103 
•104 
•105 
•106 
•107 
•108 
•109 

•no 



Area Seg 



0257 U 
026236 
02676' 1 
027289 
027 821 
028356 
028894 
029435 

029979 
030526 

031076 

031629 

o321.^0 

0J2745 

0333('7 
033872 
034441 
035011 
035585 
03616^ 
O8674I 
037323 

037909 
038496 

039087 
039^)80 
040276 
040875 
041476 
042080 
042687 
043296 
O439O8 
044522 
045139 
045759 
01^6381 
04/005 



Height 



n 

12 

13 
14 
15 
16 

17 
18 

19 
20 

21 

22 
23 

24 

2j 
26 

27 
28 

29 
30 
31 
32 
33 
34 
35 
36 

37 
38 

39 
40 
41 
42 
43 

44 
45 

4it 

47 
48 



Area Seg. 



047632 
048262 
04889+ 

04-952'^ 
050 1 65 
050804 
051446 
052091' 
05*27^6 
053385 
054()3{) 
054()8.g 
0553^5 
05(»003 
()506()a 
057326 

05799^ 
058058 

059327 

059999 
060672 
061348 
06202() 
062707 
063389 
064074 
064760 

065449 
066140 

066833 
067528 
068225 
068924 
069625 
070328 
071033 
071741 
•072450 



Height. 



49 

50 

51 
52 
53 
54 
55 
56 
57 
58 

59 
()0 
61 
62 
63 
64 
65 
66 

67 
68 

69 
70 

71 
72 
73 
74 
75 
76 

77 
78 

79 
80 
81 
8V; 
83 
81- 
85 
86 



Area Seg. 



073161 
073874 
074589 
075306 
0760^6 
076747 
077469 
07 8 194 
078921 

079649 
08()3«0 

081112 
081846 
082582 
083320 

('84059 
084801 

085544 
086289 
087036 
087785 
088535 
089287 
090041 

090797 
091554 
092313 
093074 
093836 
094601 
095366 
096134 
096903 
097674 

098447 
099221 

099997 
100774 
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Height. 



•187 

•18S 

•189 
•190 

•191 
•192 
•193 
•194 
•195 
'196 
197 
^98 
•199 
[ -200 

•201 
•202 
•203 
•204 
•205 
*206 
•20r 
•208 
•209 
•210 
•211 
•212 
•213 
•214 
•215 
•216 
•217 
•218 
•219 
•220 
•221 
•222 
•223 
•224 



Area deg. 



-^01553 
02334 
03116 
03900 
04685 
05472 
06261 
07051 
07842 
08636 
09430 
10226 
11024 
11823 
12624 
134126 
14230 
15035 
15842 
16650 
17460 

18271 
19083 

19897 
20712 

21529 
22347 
2316*7 
23988 
24810 
20634 

26459 
27285 
28113 
28942 
2-9773 
30005 
31438 



Height. 



■l^qpi»«W> 



225 

226 

227 
228 

229 
230 
231 
232 
233 
234 
235 
236 

237 
238 

239 
240 

241 
242 
243 
244 
245 
246 

24i7 
248 

249 
250 

251 
252 
253 
254 
255 
256 

257 
258 

269 
260 
261 
262 



Area Seg. 



Height. 



132272 
133108 
J 33945 
134784 
135624, 
1 36465 

137307 
138150 
138995 
139841 
140688 
141537 
142387 
143238 
144091 
144944 

145799 
146655 

147512 
148371 
149230 

150091 
150953 
151816 
J 52680 
153546 
154412 
155280 
156149 

157019 
1 5/890 
158762 
159636 
160510 
161386 
162263 
163140 

164019 



263 
264 
266 
266 

267 
26s 
269 
270 
271 
272 
273 
274 
275 
276 

277 
278 

279 
280 
281 
282 
283 
284 
285 
286 
287 
288 

289 
290 

291 
292 
293 
294 
295 
296 

Q9T 

298 

299 
300 



. Area Seg. 



64899 

657S0 
66663 

6754^1 
68430 

69315 
70202 

71089 

71978 

72867 

7375a 

74649 

75542 

76435 

77330 

7SQ2S.\ 

79122 

8OOI9 
8O9I8 

81817 
827ia 

83619 
84521 
85425 
86329 
87234 
88140 
89047 
89955 
90864 
91775 
92684 

9^^96 
94509 
95422 
96337 
97252 
9SI68 



ARKASOF THSIEGUEIfTSOr 


A ciactE. S7S 


n 


H.,Bh.. 


Art.Stg. 


HciEhi, 


Ar« StE 


H»glu. 


ArwStg. 


1 


•301 


■lypoBs 


•339 


•23433G 


■377 


■270951 


■302 


■200003 


■340 


•235+73 


■378 


■271920 




■30:] 


•200y22 


■341 


•236421 


■379 


■272890 




•304 


■201841 


•342 


■237369 


■380 


•273361 




■305 


•202761 


•343 


■238318 


•381 


■274832 




-iOG 


■203683 


•34* 


•239368 


■382 


•275803 




•307 


•90460J 


-345 


■240218 


■383 


•276775 




-308 


•205527 


■346 


■241169 


■384 


■277748 




•309 


•206'45I 


■347 


■2*2121 


•385 


•278721 


M 


■310 


■207376 


•348 


-243074 


•386 


■27969* 


■ 


•311 


•208301 


■349 


■244026 


■387 


■280668 


f 


■313 


•209227 


■350 


•244980 


■388 


•281642 




■313 


•210154 


•351 


■245934 


■389 


■382617 




•314 


■211082 


•352 


■i?468H9 


■390 


•23359? 




■31.S 


•212011 


•353 


■247845 


■391 


■284568 




■31IS 


-212940 


■354 


■248!<0I 


■392 


•285544 




■317 


•2138/1 


•355 


-249757 


•393 


.286521 




•318 


■214802 


■356 


•2507)5 


•394 


■287498 




•3iy 


■215733 


•357 


■251673 


•395 


■288476 




■330 


•216666 


■358 


■252631 


■396 


■289453 




■aai 


•217599 


•359 


•253590 


•397 


■290432 




•3-J:: 


•218533 


■360 


■254550 


•398 


•29I4U 




•333 


•2194fi8 


■361 


■255510 


■399 


■S92390 




■324 


•220404 


■362 


•256471 


•400 


•293369 




•S-2b 


■221340 


■363 


•257433 


■401 


■29*349 




•326 


•222277 


•364 


•256395 


■402 


■295330 




■327 


•223215 


•365 


•■i59S57 


•403 


•2963 U 








•36'6 






■397292 

■298273 




•329 


•225093 


•367 


•26 1 534 


•405 


■ 


■330 


•226033 


■368 


■262243 


■406 


■299255 


■ 


•331 


•236974 


■369 


•203213 


•407 


■300233 


■ 


•332 


•227915 


•370 


.;6417S 


■408 


•301220 


'■ 


■333 


•228858 


■371 


■265144 


•409 


-302203 


■ 


■334 


■2298OI 


•372 


■2661 1 1 


•410 


•303187 


f 


•335 


•230745 


■373 


•267078 


■411 


•304171 




•336- 


-231639 


■374 


■268045 


•412 


■306155 




■337 


•232634 


■375 


•269013 


-413 


•306140 




•338 


■233580 


■376 


•269982 


•414 


•S07I25 




1 J 
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HeigTu. 


Area 5eg. 


Height. 
•444 


Area Seg. lIHcighc 


Area Seg- 


•415 


•308110 


•336816 


•473 


•365712 


•41() 


•309095 


•445 


'337S10 


•474 


•366710 


•417 


•310081 


•446 


•338804 


•475 


'S677O9 


•418 


.311068 


•447 


•339798 


•476 1 -368708 


•419 


•312054 


•448 


•340793 


•477 


•369707 


•420 


•3r3041 


•449 


•341787 


•478 


•37070(i 


•421 


•314029 


•450 


•342782 


•479 


-371703 


•422 


•3150J6 


•451 


•343777 


•480 


•372704 


•423 


.316004 


•452 


•341.772 II -481 


'37370S 


•424 


•316992 


•453 


•345768 


•482 


•374702 


•425 


•317981 


'454 


346764. 


•483 


•37570-2 


•426 


»3 18970 


•455 


•347759 


' -484 -376702! 


•427 


•319959 


456 


•348755 


•485 


•377701 


•428 


•320948 


•457 


349752 


•486 


.378701 


•429 


•321938 


•458 


•350748 


•487 


•379700 


•430 


•322928 


•459 


•351745 


•488 


•380/00 


•431 


•323918 


•460 


•35V742 


•489 


•38i699 


•432 


•324909 
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